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errata and authors* emendations 


Page 57, Table II, column 3, line 4, should read “ BBSs*’ instead of BBsS.” 

Page 59, line 13 from bottom, should read “produced in 1921 were” instead of produced in 1931 ere,” 

Page 90, table, heading of first box should read “r~” instead of “r= 

Page 9B, line 2, should read “mosaic” instead of “mosiac.” 

Page 159, line i, should read “ and fig. 2." instead of “and fig. 3.” 

Page 159, next to last line, should read ”(fig* a)” instead of “(fig. 3).” 

Page 160. line 29, should read “(fig- 3)*’ instead of “(Fig* 6).” 

Page 170, last line should read “in 0.5 per cent hydrochloric acid” instead of “h 0.5 per cent. Iiyrochloric 
acid.” 

Page 216, line 25, should read “(5)” instead of “(A’b 

Page 227, ftn. 4, last line, should read “v. 33, No. i, p. 20” instead of “v, 33, p. 20.”' 

Pages 247-265, running head should, read DigesHhilUy of Treated Grain instead of **Dig€Siihiliiy^ of 

Tested Grain Hulls T 

Page 246, line 6 from bottom, should read “aging” instead of “ageing.” Line 8 from bottom should read 
“adsorption” instead of “absorption,” Line 9 from bottom should read “adsorbable” instead of “absorb" 
able.” Line 10 from bottom should read, “adsorbed” instead of “absorbed.” 

Page 247, line 9, should read “C^s H,44 O15” instead of ^'C^o Hiioif. 

Page 2SS, Table II, head, should read “Water-soluble acidity” instead of “water-, soliiable acidity.” 

In Plate 2, facing page 4ir, figures E and F should be interchanged. 

Page 42S, line 7 from bottom, should be "In seven of these” instead of “ In eight of these.” 

Page 437, lines 17-1S, should read “within 2 degrees” instead of “within narrow limits.” 

Page 442, line 19, should read “each variety” instead of “each %^eriety-” 

Page 448, line 3, should read “China, India, South Africa,” instead of “China, South Africa.” 

Page 451, ftn.2, last line, should read “notes^in the summer of 1922” instead of “in June, 1923.” 

Page 504, line 40, should read “conclusive” instead of “cionclusive.” Line 41-42 should read “differentia- 
tion” instead of “differentation,” 

Plate S, facing page 596, legend, line i, should read “hrachytic maize X teosinte, natural size,” instead 
pf “hrachytic maize X teosinte.” 

Page 71S, line 20, should read “(nitrogen^ 0.046 per cent) “instead of “nitrogen 0.068 per cent.”' Line 35 
should read “and treble superphosphate” instead of “and superphosphate,” 

Page 755. last line, last word, should read “structures” instead of “structurer.” Next to last line, last 
word, should read “or “instead of “os.” 

Page 76S, line 33, should read “ Bureau of Chemistry” instead of “ Bureau of Plant Industry,” 

’ Page S15, line 27, should read “Figure 2” instead of “Figure 6.” 

I Page S37, bottom, should read “Key No. 375” instead of “Key No. 376.” 

’ Page 843, line 9, should read “single pycnospore” instead of “single ascospore.” 
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PHYSIOLOGICAL STUDIES ON APPLES IN STORAGE ^ 

By J. R. Magn^SS, Physiologisi, and H. C. Dishi., Junior Physiologist, Office of 
; Hofiicultural Investigations, Bureau of Plant Industry, United States Depariment 

of Agriculture 

The successful holding of apples in- storage is of great importance in 
this country, not only from' lie point of view of the commercial fruit 
-indus^, but from the viewpoint of the consuming public as well. Eresh 
fruit is assuming a position of increasing importance in the diet of the 
human race. The marketing of the fall and winter varieties of apples 
direct from the tree is practically limited to three months of the year. 

. If a supply of this fruit is to be available throughout the year, storage 
suitable for holding the fruit is essential. Not only does proper storage 
insure a supply of a necessary food material throughout the year, but it 
also greatly stimulates consumption and stabilizes prices for the fruit 
grower. 

Although much study has been devoted to the question of proper 
storage conditions for apples and other fruit, the problems involved are 
. so complex that many questions remain unanswered. The factors of the 
exact infiuence of time of picking, storage temperature, humidity, ventila- 
tion, etc., upon the physiological ripening processes in the fruit are not 
perfectly understood, and many inaccurate impressions exist in regard 
to their functions in storage management. 

In the studies here reported, the literature concerning the chemistry 
and physiology of the ripening processes in apples have been freely drawn 
4 upon and correlated with the investigations on the storage life of the 
fruit made by the authors. 

THE RIPENING OF APPLES ON THE TREE 


For a proper understanding of the changes that occur in apples while 
in storage, it is important that the processes of growth and development 
of the fruit while on the tree be considered. The physiological changes 
in the apple fruit from the time of blossoming until ultimately consumed 
or until the end of its life is reached are continuous. The conditions 
under whicli the fruit is grown and the time of picking have an impor- 
;taiit bearing upon the storage behavior of the fruit. 

PHYSICAL CHANGES DUPING DEVELOPMENT OF THE FRUIT ON THE TREE 

Among the most important of the physical changes in apples during 
development and ripening on the tree may be mentioned increase ' in 
size, changes in color, changes' in the skin texture, and changes in hard- 
ness "of the flesh. These changes are all intimately associated, '^ith 
storage quality in apples. , 
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INCREASE IN SIZE OR THE FRUIT 

The data on increase in size of apples, particularly during the latter- 
part of the growing season, are extremely meager, Whitehouse (27) 
measured tlie longitudinal and transverse diameters of Grimes apples, 
at intervals, and found a steady increase in size from early June until 
September 20, when the last records were made. Actual diameter in- 
crease was somewhat less during the late season, but volume increase 
was very rapid. Curves based on Whitehouse’s data are shown in Figure 
I. In Figure 2 are shown measurements on diameters of 50 Winesap 
apples at Arlington, Va., during the summer of 1919.'^ Since the volume 
of the fruit increases approximately as the cube of the diameter, the 
second curve has been calculated to show the comparative increase in 
volume. 



Fig. I. — ^Iiicrease in diameter of Grimes apples, Corvallis, Oreg., in 1915, after data by Whitehense. 


The season of 1919 at Arlington had a very heavy rainfall in July, 
somerrhat less than normal in August, less than half of normal in Septem- 
ber, and a heavy rain on October i. It will be noted that there was a rapid"' 
increase in size, from July until' August 21, with onh^ slow growth until 
September 19. A very rapid growth occurred between September 19 
and October 10, most of which probably occurred after the heavy rain 
of October i. No frost occurred in October. 

These data indicate that if there is moisture available a large increase 
in size may occur very late in the gromng season. There is much need, of 
further investigations to determine how late this growth will continue 
under various conditions. Quantity of fruit on the tree as well as soil 
moisture will markedly influence the rate of increase in size. The size 


RefeTence. is made by nimiber (italic) to ‘M..iterat«re dted,” p, 36-,>S. ■ 

^ Tbe aiithors are indebted to U. A. Ha-wkins/ physiologist, and L. B, Scott, poinologist, Office of Horti- 
cwltura! Investi cations, for these data. 
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that the fruit has attained will often be an i/nportant consideration in 
’deterininiiig when the fruit should be picked. 

Increase in size of the fruit, at least during the latter part of the ^ow- 
ing season, appears to be due largely to increase in size of the individuai 
cells rather than to increase in their number. Consequently, fruit which, 
attains large size will be composed of larger cells, and wiM be less irm 
and compact in texture than small or medium sized apples of the same 
variety. Medium or small sized fruit with compact firm texture is almost, 
invariably superior for storage purposes to large size fruits, but the 



Fig. 2.— Increase in diameter and in volume of Winesap appks at Arlington, Va., 1919, 


market usually pays a premiim for large size in apples, Cummings and 
Lombard (9) have pointed out an apparent association between ' size of 
cells and storage, quality in apples.' 

ciiANons IN coroR AssociAmn with ripening on the tree 

The changes in color as the fruit ripens on the tree are t'wofoM. There 
■ 4 is a gradual increase in the red pigment developed in the, aubepidermal 
cells,, ,the color increasing both in area and .in, intensity as ^the season 
advances. ,,At the same' time, the green or ground color gradually gi,ves 
way to greenish yellow and finally to. yellow. ■ 
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The chemical changes which are responsible for color development in 
the apple have not, so far as the writers are aware, been determined. 
The cells in which the pigment is located are primarily subepidermal. 
There is no pigment in the cuticle, or wax covering, and no color in the 
epidermis, or outer cell layer. Below the epidermis, however, chloro- 
phyll pigment, and later the red pigment, is very abundant. These 
pigments are largely limited to the rather flat, thick-walled, cells lying 
in the immediate 2 to lo layers beneath the epidermis, though in certain 
varieties some pigment, botib green and red, occurs well down into the 
flesh of the apple. 

As the red pigment develops it apparently replaces the chlorophyll, 
being developed in the same cells in which chlorophyll was formerly 
present. If red color does not develop, the disappearance of the chloro- 
phyll leaves the yellow color characteristic of ripe and mellow fruit. 
The amount of red which develops is apparently directly associated with 
the exposure of the fruit to the light. The side of the fruit exposed to 
the direct rays of the sun is always more highly colored than the side 
away from the sun. Those regions of the country which have the greatest 
amount of sunshine during the late growing season produce the most 
highly colored apples. Treatments such as cultivation, or fertilizing with 
nitrogenous materials, and which result in a more dense foliage on the trees, 
will invariably result in more poorly colored fruit. On the other hand, 
sod culture, summer pruning, etc., which result in a more direct exposure 
of the fruit to the light, produce a more highly colored fruit. Shading 
will almost entirely prevent the development of red color. Whitehouse 
(27) has estimated color development of Fameuse and Tompkins King, 
and concludes that the greatest color development occurs during the last 
few days of the season. This would seem particularly to hold true after 
some of the- leaves had fallen, thus exposing the fruit more directly to the 
sun. Since color development is largely dependent upon direct sunlight, 
picking the fruit and removing it from the sun will stop the development 
of the red pigment. 

The change of the green or ground color to yellow, which occurs in 
most blushed varieties, is entirely independent of light. This change 
occurs regardless of whether or not the fruit is separated from the tree, 
and. is one of the best indexes to the actual condition of maturity of the 
fruit, Corbett {8) has discussed this color change as a means of determin- 
ing the time of picking the fruit. Although there is some variation in 
different varieties, practically all blushed apples should not' be picked 
before they show a distinct yellowish tinge' to the green of the unblushed 
side. This test, being largely independent of light exposure of the fruit, 
is very, valuable as a picking aid. 

CHANGES IN THE SHIN OF APPEES DURING RIPENING 

The changes in the skin of the apple during its development on the 
tree have been studied in detail by Zschokke (28) . He found the skins of 
young apples 4 to 3 weeks old to contain 2 to 10 stomata per square milli- 
meter.' No further stomata were formed, and as the fruit increased in 
size the stomata became farther and farther dispersed . ■ During the latter 
part of the growing season cork formation usually occurs below the stom- 
ata openings. The openings are later ruptured by the growdh of the' fruit. 
The corky tissue with the ruptured stomata constitute the ''dots” by 
which many , varieties are characterized. In some varieties, how^ever, 
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Zsciiokke found the stomata ruptured before the cork cells bad formed, 
in which case protection was provided by the drying dovm of the tinder- 
lying tissue. ThiSj however, afforded opportunity for the entrance of 
microorganisms . 

The epidermal covering of the apple consists of a cuticle, or wax coating 
on the outside, a layer of thick-walled epidermal cells, and below this a 
subepidermal region, consisting of a number of layers of thick-walled 
small and compact cells. The cells of the subepidermal region gradually 
become larger as the distance from the epidermis increases. The pig- 
ment, both red and green, is contained primarily in these subepidermal 
cells. 

There apparently is a progressive thickening, not only of the cuticle, 
but of the subepidermal area as w-ell, as the season progresses. Zschokke 
found a distinct variation in the thickness of these regions with the expo- 
sure of the fruit to the sun as well as with the variety. The writers have 
noted a distinct variation in the thickness of the subepidermal region 
upon the blushed and the unblushed sides of the same fruit, heavily 
blushed sides of Rome Beauty showing 8 to 10 cell layers in this region, 
whereas the unblushed sides showed about 6 layers. 

The storage quality of fruits is undoubtedly closely associated with skin 
condition. Not only is the skin condition important in determining the 
amount of wilting in storage but it is of primary importance in determin- 
ing the resistance of the fruit to decay. The development of storage 
scald and other physiological troubles is also closely associated with skin 
condition, Cummings and Lombard (p), in a limited study, found an 
apparent association between thickness of the cuticular layer as a variety 
characteristic and keeping quality in apples. 'Perr}^' and Martin {23) 
report a similar correlation. Practical fruit handlers have long judged 
the keeping quality of apples partially by the amount of wax present on 
them. There is much need for a more exact study of the effect of cli- 
matic factors upon the epidermal covering of fruits in order to Judge more 
accurately the effect of these conditions upon the storage life of the fruit. 
The skin of the fruit as a whole is extremely important, not only as a me- 
chanical protection for the tissues beneath, but also as a partial regulator 
of the actual physiological processes going on in the fruit. This latter is 
accomplished through the action of the skin in limiting gaseous' exchange. 

THB SOFTENING OF APPLES ON THE TREE 

There is probably no test so universally employed to determine the ma- 
turity of fruit as the resistance of the flesh of the fruit to pressure as esti- 
mated by pressing the fruit with the thumb. Lewis, Mumeek, and Cate 
( j<^) use'd a mechanical tester to measure the rate of softening of pears on 
the tree. They found the fruit to soften rather rapidly, resistance to 
pressure decreasing at a rate of approximately 2 per cent per day. 

Apples are usually removed from the tree when in a ‘'hard ripe*^ condi- 
tion. Color, ease of separation from the tree, amount of dropping, color 
of seeds, etc., as well as the softness of the fruit, are used to determine 
the time of picking. Notwithstanding the fact that apples are usually 
picked when “hard ripe,*' there is in most varieties a very considerable 
softening of the fruit before its removal from the tree. The, rate of .this 
softening has been determined by means of a mechanical pressure 'tester 
similar in design to that described by. Murneek (21). 
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Measuring the Softening 


Prom 25 to 40 apples, selected to represent the averages of the trees 
from which they were taken, were used for each determination of 

the hardness of tlie fruit. 
Apples from tlie same trees 
were used in successive 
tests, made at intervals of 
from 5 to 7 days. 

Three tests were made 
upon the exposed flesh of 
each apple. The skin was 
removed from an area of 
about three-fourths of an 
inch diameter at three 
points equidistant about the 
circumference of the fruit, 
and the test made of the 
number of pounds pressure 
required to force a smoothly 
rounded plunger seven-six- 
teenths of an inch in di- 
ameter into the flesh of the 
fruit for a distance of five- 
sixteenths of an inch. 
Tests were also made of the 
same apples with skin in- 
tact, but it has been found 
that tests directly on the 
flesh of the apples are a 
more accurate index to the 
real condition of the fruit. 

Unfortunately, these 
tests were not begun until 
rather late in the season, 
when softening may have 
been considerably ad- 
vanced. When initial tests 
were taken, however, the 
fruit was not well colored, 
and lacked very apprecia- 
bly of having attained its 
final size. Exact gi'O'wth 
measurements were not 
made. 

Figure 3 shows in graphi- 
cal form the resistance to 
pressure of Delicious, ' Rome 
Beauty, Winesap, and Ben 
Davis apples. At the time 
of making the initial pickings of Delicious, Rome Beauty, and Ben Davis the 
pressure-testing apparatus was not ready, and the fruit was held at 32° F. for 
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Fig. ,3.— ;Softe3img of Winesap, Ben Davis, Rome- Beauty, and 
Delicious apples wiiile on the trees, Arlington, Va., 192®. 
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one week before testing. Initial tests on these varieties were lower than 
those followingj probably because of this treatment. Under coFxditioiis 
prevailing during these tests, Ben Davis, Winesap, and Rome Beauty all 
'.softened very rapidly, and Delicious somewhat more slowdv. The month 
'Of September, 1922, was very 'warm and dry at Arlington, and Octo- 
ber was practically without precipitation and moderately warm. Bur- 
Toughs (5) found that W agener apples growing on young trees in northern 
Peiins3dvama softened only ver}^ slowly during September and October. 
These trees had received nitrate fertilizer and were vert^ vigorous. It is 
.not known whether the rate of softening tvhile on the tree is primarily a 
variety characteristic or, whether it varies largely witli environmental 
factors. 

In general, the harder the fruit is at time of picking and placing 'in 
•storage the firmer it will be when removed from storage and exposed to 
market conditions. A firm, hard fruit, sufficiently well colored to be 
..attractive, and sufficiently well ripened to be of high quality, and to es- 
cape storage scald, is the ideal for storage. High quality and skin condi- 
tion associated with resistance to storage scald can be obtained only at the 
-expense of a softening of the fruit. There is much need for a more exact 
knowledge of the influence of such factors as temperature, soil moisture, 
fertilizers, age and vigor of the trees, size of crop, etc., upon the rate of 
-softening of the fruit. It is highly desirable that the fruit when picked 
be as firm as it is possible to secure it. 

•CHEMICAL CHANGES IN APPLES ASSOCIATED W^ITH RIPENING ON THE TREE 

Numerous analyses have been made of the chemical composition of 
apples and other fruits at various times during their development on the 
tree. While the actual percentages of the various constituents will vary 
widely, depending upon the variety, locality, cultural conditions, and 
many other factors, the general changes have been well established and 
will be briefly reviewed. These changes may be considered under the 
following subjects: (i) Changes in total acidity, (2) changes in the sugar 
.and starch content, (3) changes in the pectin content, and (4) changes in 
■the moisture content of the fruit. 

CHANGES IN TOTAU ACIDITY ASSOCIATED WITH RIPENING ON THE TREE 

For more than a century, acidity changes in fruits have attracted wide 
attention, and many conflicting opinions have been held concerning the 
■source of fruit acids, as well as their disappearance. ' This literature has 
'been thoroughly reviewed by Bigelow, Gore, and Howard (a). Because 
■of the limited chemical knowledge .and the widely var}in,g conditions under 
which early writers on this subject worked, many of their results' are un- 
trustworthy. Only the more recent contributions will be discussed here. 

Browne (4) analyzed Baldwin apples and found a marked decrease in 
acidit}" at intervals from August 7 until December 15., when recorded as 
percentage of the wet weight of the apple. Gerber ( 12 ) reported a similar 
decrease in percentage composition, but pointed out the fact that the total 
amount of acid per apple increases ratJier than decreases as the season, 
advances, the apparent decrease being more than counteracted by the 
increase in size of the fruit. Finally Bigelow, Gore, and .Howard (2) "'in a 
■very complete series of analyses on both' summer .and winter varieties of 
apples, found the percentage of acid to drop verj" rapidly from June until 
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September in all varieties. From the middle of September until the first 
of November the percentage of acid remained practically constant in the 
winter variety group wbicb they analyzed (Winter Paradise, Huntsman, 

^ — and Ben Davis). \%en the actual 

quantity of acid in grams per apple 
1^ was calculated, however, these au- 

thors found that the amount of acid 
per apple increased until August, fell 

/3 off very slightly during September, 

, and again increased during October.. 
It is probable that the decrease dur- 
ll ing September was due to local sea- 

sonal conditions. 

In Figure 4 the changes in acidity 

/ ^ j fQj. Davis, Delicious, and Rome 

I i Beauty grown at Arlington, Va., dur- 

10 « j i ing the ripening season of 1922 are 

I shown graphically. It is apparent 

I that from September 14 until mid- 

9 J October there was a constant, though 

rather slight, decrease in the total 
0 C jj/ PA\f/5 acidity on the basis of percentage 

0 composition. Unfortunately, data 

\ on the relative size of the fruit at the. 

Y \ time different determinations were 

^ made are not available. The fact, 

^ however, that there was a marked in- 

6 £u crease in size, particularly in Rome 

' K0M£ diAUTY Beauty and Ben Davis, between Sep- 
„ tember 14 and October 18 strongly 

1 indicates that the actual acidity in 

grams per apple increased rather 
j I than decreased during this period. 

j j summarize, then, the changes 

- . in acidity occurring while the fruit 

3 ; is on the tree, there is a marked de- 

crease in percentage of acid in the 
fruit during most of the growing sea- 

2 ; son, this decrease becoming less pro- 

nounced as the fruit approaches ma- 
\ turity on the tree. This decrease in. 

/ ^ acidity does not involve an actual 

disappearance of acid from the fruit, 

' as the increase in size of the fruit is 

/ iS 3 D ff 30 sufficient to simply dilute the acid al- 
trnrmaca /trrAoi-n ready there. Themostaccuratecon- 

OCTOBER ception of the acidity changes in 

apples while on the trees apparently 
Add as cc. nht per lo gm . wet tissue. jg that of high acidity early in the 

season, followed by dilution of the acid as the fruit increases in size, 
with consequent lower add concentration in the mature fruit. 

The amount of add which the fruit of any variety may contain will 
vary widely with the conditions under which the fruit is grown. Con- 


Rom mm 


D£iiaoui 


I IS 
SfPJEMm 


OCTOBER 


ViG. 4.' — ^Decrease in acidity in apples while re- 
maining attached to tree, Arlington, Va., 19^3. 
Acid as cc. Nhn per lo gm . wet tissue. 
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siderable variation occurs in individual apples from tlie same tree, 
depending upon tiie nutrition of the individual apples. Ballard, Mag- 
ness, and Hawkins (i) have reported that apples from branches of Yellow 
Newtown trees which were girdled in June contained distinctly more 
acid, as well as more total sugar, than did apples from normal branches 
of the same trees, while fruit from partially defoliated branches on the 
same trees showed still less acid than the untreated checks. 

In other works by the same investigators (unpublished) acidity deter*' 
minations were made on fruit from a large number of Yellow Newtown 
trees during each of three succeeding seasons. These trees were about 
20 years of age, and during the first and third seasons produced only a 
very light crop, averaging i to 6 bushels per tree. ■ During the second 
season under test, however, the crop was very heavy. It was found 
that the average acidity in fruit from the same trees w'as fully 25 per 
cent higher during the “off’' or light crop years than during the season 
of heavy production. These figures represent an average of about 70 
individual trees. Furthermore, during the “off” year acidity was 
much lower on the average in the trees bearing a fairly full crop. 

It is apparent, then, that there is a close association bet'ween acidity 
in apples and the nutritive conditions in the tree upon which they were 
produced. Climatic conditions also are of undoubted importance^ 
although they have not been carefully studied. Acidity is of much 
importance in determining quality in fruit not only as relates to grmving 
conditions, but as regards storage as well, for it is intimately associated 
with flavor. 

CHANGES IN W'’ATBR CONTENT OF THE FRUIT 

The change in water content of the fruit as it matures on the tree 
is less marked than^ changes in sugars. The percentage of water in the 
fruit' will vary widely with variation in soil moisture. Conditions of 
soil moisture being uniform throughout the season, however, there is a 
slight decrease in the amount of water and an increase in dry matter 
as the season progresses. This change is not marked, but is borne out 
by the results obtained by Bigelow, Gore, and Howard (a), by Burroughs 
(5), and by other investigators. 

CHANGES IN SUGARS AND STARCH DURING GROWTH 

The literature regarding changes in sugar in fruit during its ripening 
on the tree is equally as voluminous as that regarding acidity changes. 
The following summary is based on the work of Bigelow^ Gore, and 
Howard {2) which included a careful study of the sugar changes in apples^ 
both while attached to the tree and while held in storage following 
picking. 

During early summer (June) the total, sugar content of all the, winter 
varieties was low, running from 3 to 4 per cent of the weight of the green 
tissue. In both summer and winter varieties, the percentage of total 
sugar increased steadily until the fruit was dropping badly, that being 
late ' July for ■ the summer varieties (Early Strawffierry, . Bough, and 
Yellow Transparent) under West Virginia conditions, and late O'Ctober 
for the winter varieties (Ben Davis,, Huntsman, and Winter Paradise). 
During the early season, the sugar 'is largely in the form. of reducing 
sugars, but as the season advances there is a marked increase in the 
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amotint of sucrose present, as well as an increase in reducing sugar. In 
some varieties at tlie end of tlie growing season the quantity of reducing 
sugar and of sucrose was approximately equal, while in others the reduc- 
ing sugar was approximately double the sucrose in quantity. 

The starch content of the fruit, in terms of per cent of the green weight, 
reached its highest point in the summer varieties in June and in the 
winter varieties in July. The actual total quantity of the starch per 
apple, however, did not reach its maximum until much later, about 
mid August, in the winter varieties. From tliis time forward there was 
a decrease not only in percentage composition of starch but in actual 
starch per apple, indicating that there was an actual starch hydrolysis 
going on after this date. With starch hydrolysis there is a sharp increase 
in sucrose, indicating that the sugar storage form which replaces the 
starch storage as the fruit matures is primarily sucrose. 

CHANGES IN THE PECTIN MATERIALS 

There is much confusion regarding the changes that occur in the pectin 
materials during the ripening processes of fruits. The voluminous work 
on pectins has been admirably reviewed by Bigelow, Gore, and Howard (2). 
and need not be repeated here. Because of the probable intimate asso- 
ciation of changes in the pectin materials with the very important soften- 
ing of the fruit in storage, however, a brief summary of these changes is 
desirable. 

It is apparent that there is a water-insoluble pectin compound which 
acts as a cementing material in green fruit, as well as in other fleshy plant 
tissue. The exact chemical nature of this substance is not established, 
and it has been mentioned in the literature under various names, as 
pectose, pecto-cellulose, and calcium pectate. The more recent work 
indicates that this substance is calcium pectate. This calcium pectate 
cements the cell walls of the green fruit flesh firmly together, and is 
largely responsible for the “hardness'' of green fruit, since sudi fruits 
can be crushed only by actually breaking the cells. 

As the fruit ripens, this cementing material slowly hydrolizes, prob- 
ably by enzymatic action, into substances more readily soluble in water. 
This material is that generally referred to under the name “pectin," and 
its formation, which occurs slowly under natural conditions, may be greatly 
hastened by boiling witli water. Pectin, according to some investigators, 
can be further split by hydrolysis, either with boiling water or by boiling 
with acids or alkalis. With alkalis, pectic acid is first formed, followed 
by meta-pectic acid after prolonged boiling. Meta-pectin, a closely simi- 
lar substance, has also been formed. The products of final hydrolysis 
have usually been pentose sugars and galactose. More recently Schryver 
and Haynes (25) and Ehrlidi (ii) have worked upon the chemical nature 
of pectins. The former reported that the pectin obtained from a number 
of fruits was essentially identical and found the molecule to contain 
pentose sugars sufficient to account for about one- third its weight. 
Ehrlich reports pure pectin as consisting primarily of arabinose, galac- 
tose, and galacturonic acid. 

The changes in the pectins as they occur naturally in the fruits have 
not been worked out in association with the physical changes in the fruit. 
The fact seems well established that the cementing material in green 
fruits is calcium pectate, and that this material accounts for the hardness 
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of tlie fruit, since it results in the cells being ruptured when pressure is 
applied, ratlier than simply separating. As the cementing material is 
hydrolized, the cell walls tend to separate more and more readily and the 
-fruit becomes progressively softer. This fact also probably explains the 
juiciness of green apples, and tlie apparent lack of juice in the soft or 
mellow fruit. The juice is primarily within the cells, and escapes only 
when the cell walls are broken. If the cells can separate readily, the 
individual cell walls will not be broken to an appreciable extent when the 
fruit is crushed. Consequently the soft or “mealy'' fruit also appears 
“dry," although actually containing practically as much moisture as 
when hard. This apparent dryness may also be caused in part by the 
greater absorption of water by the cell colloids as the fruit softens. 

As the fruit ripens, both on the tree and in storage, these changes in 
pectin materials go on. It has not been established how far they 
progress, but it is often asserted in the literature that the “pectin 
decreases as the fruit ripens." This usually has referred to pectin ex- 
tracted by boiling water, and would include both “pectin" and calcium 
pectate or “pectose." This would indicate that as the fruit ripens and 
softens hydrolysis may go so far that some of the pectin materials will 
break down to sugars. The sugars of the fruit may thus be very slowly 
augmented throughout the life of the apple. Because of the complexity 
cjf the compounds involved and the large quantities of various sugars 
always present in fruit tissue, these points are very difficult to establish. 

summary of changes in ran fruit wHinn on ted® true 

The changes associated with growth and ripening may then be sum- 
marized as follows: There is a continuous increase in size of the fruit 
from blossoming time until late season. This increase will vary greatly 
with growing conditions. Growth in size is accompanied by changes in 
the skin, the wax being formed during the latter part of the growing 
season, and the lenticels being corked over. Associated with these 
changes are color changes. Red pigment may develop just below the 
epidermis on fruits exposed to sunlight. The green color gradually 
gives way to yellowish green or yellow as the chlorophyll disappears. 
The fruit softens as it ripens, the rate of softening also undoubtedly 
varying with growing conditions. Associated with all these physical 
changes, there is a gradual decrease in acidity and an increase in sugars 
as the fruit ripens. Starch during the late growing season gradually 
changes over to sugar. Changes in the pectin constituent of the cell 
walls, consisting probably in insoluble calcium pectate being changed to 
water-soluble pectin or pectic acid, allows the cells to separate and 
break more readily and results in a softening of the fruit. 

CHANCES IN APPLES FOLLOWING THEIR REMOVAL FROM THE TREE 

The removing of fruit from the tree entirely stops certain of the proc- 
esses going on in the fruit, while others continue in much the same 
manner as though the fruit remained on the tree. Increase in size 
stops, as well as development of red color. The latter is probably due 
to the removal from direct exposure to light rather than to the cutting 
off of any substance derived from the tree. The green color of the 
unblushed surface continues to disappear, and the yellow color, pre- 
viously masked by the green, becomes predominant. It is not known 
whether or not any changes in the epidermal covering occur following 



12 


Journal of Agricultural Research voi. xxvii, No. s 


picking. SofteniJig, already tinder way while the fruit was on the tree, 
proceeds rapidly after removal from the tree, unless the fruit is placed, 
at once in a low temperature. 

The chemical changes in progress when the fruit is picked from the 
tree continue mainly in the same direction after picking, though the 
rate of the various changes may not be the same. From time of picking 
forward, there is a continuous drop in acidity. Starch present in the 
fruit quickly changes to sugar, as has been shown by the work of Bigelow, 
Gore, and Howard (2), of Otto (22), of Magness and Burroughs.® Follow- 
ing completion of this change, there is little further variation in total 
sugars, although there is undoubtedly a very small loss due to respiration. 
Even this loss may be partially replaced by acquisitions from the pectin 
materials. Bigelow, Gore, and Howard found that as the fruit was held 
in storage there was a continual decrease in the percentage of sucrose 
and a corresponding increase in reducing sugar. Pectin changes, asso- 
ciated with the softening of the fruit, continue throughout the storage 
season, 

OF STORAGE CONDITIONS UPON CHANGES IN FRUIT FOETOWING 
PICKING 

Among the conditions in storage houses that are within the control 
of the operator or fruit handler may be included the factors of tempera- 
ture, humidity, air renewal, or ventilation, air stirring or movement 
within the room, and the type of package in which the fruit is packed. 
These factors have been studied in relation to their effect upon certain 
of the changes occurring in the fruit while in storage. The studies have 
consisted primarily in determining the effect of these different factors 
upon the rate of softening of the fruit, upon the acidity changes in the 
fruit, and upon the general metabolic activity as measured by respiratory 
activity. Shrinkage in weight, due to loss of moisture from the fruit 
and loss through respiratory activity, has also been studied. 

EFFECT OF TEMPERATURE OF STORAGE UPON RATE OF SOFTENING 

Magness and Burroughs ® measured the rate of softening of eight 
varieties of apples under different storage conditions. Composite curves, 
from their data on Jonathan, Delicious, Rome Beauty, Winesap, Bald- 
win, York Imperial, Esopus (Spitzenberg) , and Yellow Newtown, at 
36° and 32° are reproduced in Figure 5. It will be noted that the rate 
of softening in storage was approximately exactly twice as rapid at 36^ 
as at 32® F., fruit at 36® being as soft after two months in storage as fruit 
at 32° was at the end of four months. 

Figures 6 to 1 1 , inclusive, show the relative rates of softening of Deli- 
cious, Rome Beauty, Ben Davis, Rhode Island Greening, Winesap, and 
York Imperial, respectively, when held at 70° F. and at 32° F. Figures 
6, 7, and 8, for the first three named varieties include data on fruit picked 
at three different intervals, approximately two weeks apart. 

It is at once apparent that softening in all varieties was greatly acceler- 
ated by higher temperatures. However, it is also apparent that there 
is a distinct difference in the response of different varieties to the various 
temperatures. 


^ Maonbss, J. R., and Burroughs, A. M, APPiyH sxoragu invhsxigations. The Marble Labora- 
tory, lac. ad Rept. Not yet published. 

^Magnrss, J. R.. and Burroughs, A. M. op. cix. 
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Fig, $. — Softening rates of apples in storage. Composite curves of Jonathan, Delicioiis, Rome Beanty, 
Winesap, Baldwin, York Imperial, Esopus (Spitzenberg), and Yellow Newtown. After Magncss and 
BniTottghs. 
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Delicious and Rhode Island Greening (figs. 6 and 9) softened with great 
rapidity, and after 10 days at 70^ were practically full soft. Both vari- 
eties were softer at the end of 12 days exposure to 70° than they were at 
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Fig. 9.— Softening of Rhode Island Greening apples in storage. 



the end of 6 months at a continuous temperature of 32°. With Delicious 
particularly, fruit placed directly in 32° storage softened very little, even 
after several months in storage. Rhode Island Greening softened more 
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rapidly in 32^ temperattire than did Delicious and also softened with 
great rapidity’ at 70°. 

Rome Beauty and Winesap were somewhat harder when picked, and 
while the softening rate was rather rapid, the fruit was in much better 
condition after 10 to 12 days at 70^ than were the Delicious and Rhode 
Island Greening apples. 

Ben Davis of all pickings softened with unexpected rapidity in cold 
storage, and surprisingly slowly at 70° F. While Delicious and Rhode 
Island Greening were harder after 6 months at 32° than after 12 days at 
70®, and Rome Beauty and Winesap were as soft after 12 days at 70° as 
after 3 to 4 months at 32° F., Ben Davis softened as much in 2^ months 
at 32® as in 12 days at 70°. 



Fig. II.— Softening: of York Imperial apples in storage. 


This indicates that the group of varieties which we class as “long 
keepers*' are so, not primarily because they soften and ripen more slowly 
in cold storage than do the shorter keeping varieties, but because they 
soften less rapidly when out of cold storage. Thus it becomes par- 
ticularly imperative that such varieties as Delicious and Rhode Island 
Greening be cooled quickly after picking, and be kept cold continuously 
if long storage is to be accomplished. Well colored Delicious can be 
held successfully until April if cooled promptly after picking. Such 
varieties as Ben Davis, Winesap, Yellow Newtown, and York Imperial 
soften relatively much less rapidly when exposed to higher tempera- 
tures, and consequently are less severely injured by delaying cold storage. 
All varieties, however, soften very much more rapidly at any temperature 
above 32^ than at that temperature. 



Jan. s, 1934 


Physiological Studies on Apples in Storage 


17 


OF STORAGE- UPON HARDNESS OF THE FRUIT 

A study of tlie data presented in Figures 6 to ii, inclusive, is interest- 
ing from the standpoint of the effect of delaying the time of storing after 
picking upon the keeping quality of the fruit. It is apparent that the 
fruit softens rapidly during this period and that throughout its storage 
life it remains much softer than fruit placed in storage immediately. 
Ramsey, et al. { 24 ) have pointed out that apples so handled were usually 
softer, more yellow, and showed more decay when removed from storage 
than did similar fruit stored immediately. This is true for all varieties 
here studied, but is particularly marked for rapidly softening apples, 
such as Delicious, Rliode Island Greening, Jonathan, etc. These data 
are in full accord with the previous findings of Magness and Burroughs, 
who report that fruit in cellar storage in Pennsylvania (temperature 
range from 40*^ to 50° F.) reached full softness in from a month to six 
weeks’ time. 

These data all indicate clearly the importance of getting the fruit 
to cold storage as quickly as possible after picking if long holding is 
desired. Only when the fruit is cooled will the softening processes be 
checked. A temperature of 36^ F. will apparently cause most varieties 
to soften approximately twice as rapidly as 32°, while 70° will cause 
softening to proceed from 5 to 15 times as rapidly as will 32°. 

EFFECT OF TYPE OF PACKAGE AND VENTlEATlON UPON RATE OF SOFTENING 

OF APPEES 

Magness and Burroughs found no variation in the rate of softening 
^ of eight varieties of apples held in rooms at 32^ F. continuously ventilated 
with outside air as compared with similar apples held in a room at the 
same temperature not ventilated but with good natural air movement 
within the room. Similarly, they found no variation in rate of softening 
in different packages when tests on the fruit with skin removed were com- 
pared. These tests included fruit stored in open crates, in wrapped boxes, 
and in barrels. Apparently because of wilting, fruit with skin intact 
was harder in the more open packages. 

Tests have been repeated for the relative rates of softening of apples 
in different packages; with results siitnilar to those reported by Magness 
and Burroughs. These results are summarized in Table I. 

From the data in Table I it is apparent that there was no consistent 
difference in hardness of the fruit depending upon type of package. 
It should be stated that the oiled paper wraps used on the fruit in these 
tests were rather small in size, and that there was no appreciable transfer 
of oil from the wraps to the surface of the fruit. There is a widespread 
belief among commercial apple handlers that oil paper wraps result in 
slower ripening of the fruit. This will be further discussed under the 
subject of oil, wax, or paraffin coatings. It is apparent from the results 
here recorded, however, together with results previously reported by 
Magness and Burroughs, that so long as the surface of the fruit is not 
coated with any material which inhibits gaseous exchanges the rate of 
softening of the fruit under commercial storage conditions is not appre- 
ciably/affected by ventilation, type of package, etc. Temperature 
apparently is the one controlling factor in determining the rate of soften- 
ing of the fruit, if held under conditions of normal respiration. 

' 73430 -— 24 -’ — 2 
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Tablu I.- 


Variety. 


Delicious ■ 

Do 

Do 

Rome Beauty 

Do 

Do 

Beil Davis 

Do 

Do 

York Imperial 

, Do 

Rhode Island Greening . 

Do 

Do 

Winesap 

Do 
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ge upon the rate of softening of apples in 32° 

F. storage 

Package. 

Average 
prcs.snre 
test when 
stored . 

Average 
pressure 
test at end 
of storage 
season. 

[ 

■ 



Pounds'. 

Pounds. 

Barrel ‘ 

20 

13. 47 

Oil paper wrapped box * 

15. 20 

14. 47 

Non-oil paper wrapped box . . . 

15. 20 

13. 72- 

Barrel 

18. 16 

12. 23 

Oil paper wrapped box 

18. 16 

I II. 70' 

Non-oil paper wrapped box ... 

18. 16 

i 12. 42- 

Barrel 

20. 52 

13. 63: 

Oil paper wrapped box 

20. 52 

12. 95 

Non-oil paper wrapped box . . . 

20. 52 

12. 27 

Barrel 

20- 75 

14. 70' 

Non-oil paper wrapped box . . . 

20. 75 

14. 85 

Barrel 

w* 13 

10. 99 

Oil paper wrapped box 

17. 13 

II. 07 

Non-oil paper wrapped box . . . 

17* 13 

10. 79 

Barrel 

19- 33 

12. 88 

Non -oil paper wrapped box . . . 

19- 33 

12. 74- 


oi? temperature: and type op storage package upon acidity 

Acidity is of marked importance in determining the eating and cooking' 
quality of fruits. For this reason changes in acidity while the fruit is 
in storage are of much importance in determining quality in stored fruit. 

Gerber ( 12 ) reported that the acidity disappeared from apples with 
great rapidity when the apples were held at 30° C. (86® F.) and believed 
that it was consumed by the respiratory processes of the fruit. At 18® 
C. (64 2/5® F.) acidity)^ disappeared more slowly, and at lower tempera- 
tures (o® C. or 32® F.) it remained practically constant. Other workers,, 
using other fruits, however, have obtained somewhat different results. 
Hawkins and Magness (id) and Hawkins (15) on grapefruit, Diehl and 
Magness (10) on plums, and Magness (19) on Bartlett pears, all found 
that the acidity decreased when the fruits were held at low temperatures, 
but remained practically constant, or in the case of Bartlett pears and 
plums actually increased, when the fruit was stored at temperatures of 
about 60® F. Bigelow, Gore, and Howard ( 2 ) found a constant decrease 
in acidity when apples were removed from 32® storage and held at 60® 
F. or 70® F. Magness and Burroughs ^ found acidity to decfease most 
rapidly in apples stored in a cellar (40® to 50® P,), less rapidly when 
stored at 35® F., and still less rapidly when held at 32® F. 

Figures 12 and 13 show changes in acidity in the six varieties of fruit 
here studied both during tlie time they were in storage at 32® F. and 
during an initial period of 12 days b^ore certain lots were placed in 
storage. 

Acidities were determined by cutting plugs of apple tissue with a. 
cork borer, preparing these in a finely divided condition by paSvSing: 
through a sampling press of the type described by Clark (6), weighing, 
out 100 grams, boiling and making up to 1,000 cubic centimeters volume 
with distilled water. Samples were preserved with toluol, and filtered 
and ■ titrated after three days’ -.extraction. For titration, N/io NaOH. 


’ Magness, J. R., and BuRRotrGHs, A. M. op. ar. 
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was used mtli phenolphthalein as indicator. The results are expressed 
in cubic centimeters of N/io acid per 10 ^ams of wet tissue. 

There is a constant, but slow, decrease in acidity in all varieties during: 
the storage season. Total decrease is very nearly the same for all 
varieties, regardless of total acidity present. Thus Delicious, with very 
low acidity at the start of the season, lost acid about as rapidly as Rhode 



Fig. t 2. — Acidity changes in Ben Davis, Rome Beauty, and Delicious apples while in storage. Acid as 
cc. N/io in 10 gm. wet tissue. 



Fig. 13.— Acidity changes in Rhode Island Greening, York Imperial, and Winesap apples while in storage. 
Acid as cc. N/io in ragm. wet tissue. 

Island Greening, which was very high in acid content. Total loss in 
Delicious amounted to more than one-third the amount originally present, 
while loss in Rhode Island Greening was only about one-ninth the total. 

Doss in acidity during an initial period in warm storage was relatively 
slight in all varieties, and in some varieties there was an apparent gain, 
due probably to variation in the samples. It is apparent, however, that 
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acidit}^ decreased relatively less rapidly during exposure to warm tem- 
peratures than did softening of the fruit. It would seem from these data 
that fruit ripened rapidly at high temperatures would be higher in acidity 
for the same degree of softness than would the same fruit ripened more 
slowly at lower temperatures. Thus it appears that while apples will 
lose acidity when held at temperatures of around 70° F., this loss is less 
rapid in proportion to the other ripening processes than it is at 32^ P. 

It is also apparent from the data on which Figures 12 and 13 are based 
that acidity loss is relatively rapid in fruit remaining on the trees. 
Figures 6, 7, and 8 show that first-pick delayed-storage fruit was softer 
throughout the year than was second and third pick immediate-storage 
fruit. Figure 12 shows, however, that the early-pick delayed-storage 
fruit was distinctly more acid than the late-picked fruit. Rapid loss in 
acidity in fruit on the tree is undoubtedly due in part to the increase in 
size of the fruit. 

OF Type of PACKAGB or of room VBNTII/ATiON upon acidity of 
THE FRUIT 

Magness and Burroughs reported no consistent variation in acidity 
due to ventilation of the storage rooms, or to type of package in which 
the fruit was stored. Tests have been repeated on the effect of package 
on acidity of the fruit and are reported in Table II. 

From the above data it is apparent that wide fluctuations exist in the 
acidity of individual apples or groups of apples, and that large numbers 
must be used if a figure representing the correct average is to be ob- 
tained. Individual figures in the above tables are based upon analysis 
of from 10 to 20 apples. The irregular variation in the data obtained 
indicates that this is not a sufficient number to represent accurately the 
condition of the various lots of fruit. It is apparent, however, that there 
is no distinctive variation in acidity due to type of package. Temper- 
ature, which regulates the rate of softening and general respiratory 
activity, appears also to regulate mainly the rate of acidity loss. 

CHANGES IN COEOR OF FRUIT IN STORAGE 

As discussed earlier, there appears to be no change in the red color of 
apples after they are removed from direct sunlight. The chlorophyll 
green tends to disappear in storage, however, leaving a yellow ground 
color. Careful observation indicates that this change in color occurs 
only very slowly in 32° F. temperature and rather rapidly at higher tem- 
peratures. It apparently is rather closely associated with the softening 
process in fruit exposed to normal storage conditions. Wide variation 
occurs, however, in the ground color of individual apples in storage which 
apparently can not be associated with the softness of the fruit. 

CHANGES IN SUGARS, PECTINS, MOISTURE CONTENT, ETC., DURING STORAGE 

Analysis to determine the chemical changes in the fruit here studied 
while in storage, other than change in acidity, have not been made. 
The work of Bigelow, Gore, and Howard (2) , of Magness and Burroughs,® 
and of numerous other workers has shown that there is a sharp increase 


® Magkess, J. R., and Burroughs, A. M. op, cit 
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in sugars after picking, due to starch being transformed to sugar. Follow- 
ing this, there is probably a very slow dropping off in total sugar, due to 
respiratory activity. This decrease, however, is hardly sufficient to be 
detected by chemical analysis, because of the wide variation in indi- 
vidual fruits. 

Pectin changes in apples while in storage have never been satisfactorily 
determined, because of the multiplicity of closely related compounds 
present and the difficulty of determining these compounds quantitatively. 
It is undoubtedly true, however, that as the fruit softens there is a 
gradual disappearance of the calcium pectate, or substance which acts 
as a cementing factor between cell walls. 

TabiuB II . — Effect of type of package upon acidity in apples in cold storage — cubic centi- 
meters N 1 10 acid per 10 grams of wet tissue 


Variety. 


Type package. 


Rome Beauty, first pick 

Do 

Rome Beauty, second pick 

Do 

Do 

Ben Davis, first pick 

Do.... 

Do 

Ben Davis, second pick 

Do 

Do 

Do. 

Delicious, first pick 

Do 

Do. 

Delicious, second pick 

Do 

Do 

Rhode Island Greening, first pick 

Do 

Do 


Barrel i 

Wrapped box | 

Barrel | 

Wrapped box | 

Wrapped box, oil paper ... 

Barrel ’ 

Wrapped box, oil paper. . . ' 

Basket, unwrapped 

Barrel | 

Wrapped box ^ 

Wrapped box, oil paper. . . ; 
Basket, tm wrapped ........ I 

Barrel | 

Wrapped box ■ 

Wrapped box, oil paper . . . | 
Barrel I 


Wrapped box | 

Wrapped box, oil paper . . . ■ 

Barrel I 

Wrapped box. ! 

Wrapped box, oil paper. . .i 


Acidity 
begijmmg 
of storage 
season. 

Acidity 
end of 
storage 
season. 

6.10 

- 4.50 

6. 10 

4-64 

S-os 

4-85 

5-05 

4.28 

5^05 

3.86 

8.38 

6. 10 

8.38 

7.28 

8.38 

7-73 

8.18 

5.88 

8.18 

4*95 

8.18 

5.61 

8.18 

5.28 

3*13 

2.27 

3-13 

1.82 

3-13 

1 . 68 

2.90 

2.01 

2.90 

1.64 

2.90 

2.10 

9.31 

7*75 

9.31 

S.S 5 

9.31 

8.33 


Changes in moisture content will vary directly with the storage con- 
ditions. If apples are held under conditions of high humidity, there 
will be practically no decrease in moisture, and there may be an actual 
increase, due to the water formed during respiration. On the other 
hand, if storage is in a very dry atmosphere, the loss of moisture may 
amount to several per cent during a relatively short storage season. 
Loss of moisture from the fruit also will vary greatly with the variety 
and the condition of maturity when picked. 

LOSS OF moisture AS • RELATED TO PACKAGE IN WHICH APPLES ARE 

STORED 

At the time the fruit was placed in storage certain average lots in 
each package were accurately weighed. These same lots were weighed 
again at the end of the storage season and the total shrinkage in weight 
was determined. Humidity in the room ranged from 85 to 90 per cent 
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of saturation with slow natural air movement. Humidity was suffi- 
ciently high so that traces of mold growth were present on the ends of 
boxes and inside the barrels. Under these conditions , there was no 
shriveling discernible in any fruit, even after a long storage season in 
open boxes. Losses in weight are summarized in Table HI. 


TABrn III . — Effect of type of storage package upon fruit shrinkage 


Variety. 

Uength of 
time in 
storage. 

Type of package. 

Shrink- 
age; loss 
in weight. 

Winesap 

Aiontks. 

7 

Barrels, closed 

Per cent. 

0, 6 

Do 

7 

Barrel, open 

2. 0 

Do 

7 

Wrapped box 

I. 7 

Do 

7 

Open box, fruits paraffin coated 

1. 1 

Rome Beauty 

S 

BOTel, closed 

• 55 

Do 


Barrel, open 

. 8 

Do 

5 

Wrappeefbox 

. 7 

Do 

5 

Wrapped box, oil paper 

. 7 

Do 

5 

Unwrapped box, fruits paraffin coated. . 

• 3 

Ben Davis 

6i 

Barrel, closed 

• 95 

Do 

6i 

Barrel, open 

I. 15 

Do 

6 i 

Wrapped box 

I. 5 

Do 

6 i 

Wrapped box, oil paper 

I. 4 

Do 


Bushel basket, unwrapped 

2. 0 

Do 

6 i 

Unwrapped box, fruits paraffin coated. . 

I. 0 

Delicious 


Barrel, closed 

■65 

Do 


Barrel, open 

I. 25 

Do 

6i 

Wrapped box 

I. 00 

Do 

6^ 

Wrapped box, oiled paper 

I. 00 

Do 

61 

Bushel basket, unwrapped 

2. 00 

Bo 

6i 

Unwrapped box, fruits paraffin coated. . 

• 65 

Rhode Island Greening.. 

6 

' Barrel, closed 

I. 0 

Do 

6 

Wrapped box 

2 * 3 

Do 

6 

Wrapped box, oiled paper 

2. 0 


The data recorded in Table III are of primary interest in showing that 
if the storage room is kept sufficiently moist very little loss in weight 
will occur regardless of the type of package used. The storage season 
varied from five months for Rome Beauty to seven months for Wine- 
sap, yet the maximum loss in weight in open packages was only slightly 
over 2 per cent. This includes boQi moisture from the fruit and gaseous- 
respiratory products. Based upon the results of respiration tests, the 
loss in weight of apples due to respiration during six months at 32"^ F. 
would be from 0.2 to 0.3 per cent of the total weight. Hence all loss' 
above 0.3 per cent may be attributed to moisture loss from the fruit. 
Part of this moisture may, however, be that formed by the respiration 
of the fruit. 

Maximum losses in all varieties occurred in the most open containers. 
Closed barrels showed losses of less than i per cent, wrapped boxes some- 
what more, and unwrapped baskets still higher shrinkage. Fruit coated 
thinly with paraffin showed very slight shrinkage, even in open con- 
tainers. 

While the losses in weight here reported were all slight, that will be 
true only when the room as a whole is kept humid. If the air becomes 
dry, heavy shrinkage will result, particularly in fruit held in open con- 
tainers. ' 
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If fruit is stored in closed barrels, the humidity of the storage room 
is not a very important factor. In open barrels or boxes, however, it is 
important to keep the humidity up to at least 85 per cent, to avoid 
shriveling the fruit. In more open containers, as baskets or slatted 
■crates, it is very essential that humidity be kept sufficiently high. 

RBIvATION OF time; OF PICKING TO TOSS IN WEIGHT 

Tests of the rate of loss of weight in storage as related to time of 
picking were made upon the three varieties, Ben Davis, Rome Beauty, and 
Delicious. There was no distinctive variation in loss of weight that could 
be associated with time of picking with the picking dates here used, 
namely, September 14 to October 10. It is a well known fact that fruit 
picked when extremely immature will wilt more readily than will well 
ripened fruit, but apparently the skin of the apples here studied was suffi- 
ciently cutinized by September 14 to prevent excessive moisture loss. 

EFFECT OF COATING THE SURFACE OF THE FRUIT WITH OIL OR 
PARAFFIN UPON THE RIPENING PROCESSES OF THE FRUIT 

During the normal respiration of fruit, oxygen is taken up from the 
air, and carbon dioxid given off from the fruit. The carbon dioxid is 
generated throughout the tissue, penetrates to the epidermis, probably 
largely through the intercellular spaces, which are relatively large in 
apple tissue, and passes out through the epidermis, while oxygen enters 
by a similar route. Consequently, the condition of the epidermis is of 
great importance in determinitig the concentrations of CO2 and of O2 in 
the tissues within the fruit. 

In order to determine the effect of coating the surface of the fruity 
thereby reducing the permeability of the epidermis, certain lots of all 
varieties were coated when put in storage. Certain fruit was coated 
lightly with a non-drying, non-odorous oil, by wiping the surface of the 
fruit -with a well oiled cloth. Other lots were coated with paraffin by 
wiping them with a solution of paraffin in a volatile solvent, the prepa- 
ration being one that has been widely advertised for applying to fruit in 
order to decrease wilting, to improve keeping quality, and to improve 
general market appearance. Fruits treated both with paraffin and with oil 
coating, and also check fruits, untreated, have been tested at inteJV’^als for 
hardness, for acidity, for color and general appearance, and for flavor. Res- 
piration experiments in which both oxygen absorbed and carbon dioxid 
given off were measured, have been carried out at various temperatures* 

Results of tests on the rate of softening of apples after coating with 
paraffin or with oil are somewhat variable, depending upon the variety 
UvSed. At the end of the storage season coated Delicious apples were 
about as the checks which received no coating in hardness. Rome 
Beauty coated fruit was slightly harder than the check apples, York 
Imperial and Ben Davis were distinctly harder, and Winesap showed 
even a greater difference in hardness at the end of the season. This 
difference in hardness of the fruit was apparent when the fruit was with- 
drawn from 32° F. storage, and became more marked after the fruit had 
stood for 10 days at a temperature of 60° to 70° F. Apples used as checks 
were similar in all ways to coated lots, except that they were not coated 
with any compound. Retardation of softening apparently varied 
directly with the quantity of oil paraffin on the fruit. If a very ffieayy 
coating was applied, the retai'dation was distinctly greater than if only 
a light coating was present. 
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EFF^eCT OF COATING UPON THE COLOR CHANGES OF THE FRUIT 

Mucli more marked than the influence of coating the surface on the rate 
of softening of apples was its influence upon color. Coated fruit showed 
very little change in the intensity of its green color during the time it 
was in storage. At the end of the storage season such fruit was very 
nearly the same shade of green as at the time of placing in storage. 

EFFECT OF COATING UPON THE ACIDITY OF THE FRUIT 

Determinations for acidity were made upon coated fruit and upon 
control fruit throughout the storage season, and there was no consistent 
variation in acidity due to coating the fruit. Certain varieties showed 
somewhat higher acidity in coated fruit at the end of the season and 
others showed less acidity. Because of the wide variation in acidity in 
individual apples it would be necessary to use large samples to determine 
accurately whether coating does influence the rate of acidity loss, and 
fruit was not available in sufficient quantities to determine this more 
accurately. 

EFFECT OF COATING UPON THE FLAVOR OF THE FRUIT 

The flavor of apples that had been coated either with oil or with 
paraffin varied greatly with the quantity of the coating material present. 
Unless very heavy coatings had been used, the fruit was of good quality 
when removed from storage at 32® F. If heavy coating had been used, 
however, the fruit was stale, fiat, and of distinctly unpleasant flavor when 
removed from 32° F. storage. 

After holding for 10 days at a temperature of 60° to 70° F., much of 
the fruit that was of good quality when removed from a 32*^ F. room de- 
veloped undesirable flavors, becoming stale and fermented in taste. Cer- 
tain varieties, particularly Rome Beauty, became entirely inedible. Some 
of the very lightly coated fruits maintained a good flavor throughout 
the period of the tests. These were the fruits that showed a minimum 
retardation of softening and of color change, and obviously carried very 
little of the coating material. 

The tests so far carried out demonstrate clearly that the ripening 
processes of apples may be retarded by coating the fruit with substances 
that reduce the permeability of the epidermis. This retardation is at 
the expense of flavor, however, unless the coatings be very light. Coat- 
ings so light as not to injure the flavor of the fruit will cause only 
a very slight retardation of the softening process, with a somewhat 
greater effect upon the color of the fruit. 

RESPIRATION OF COATED AND NORMAL APPLES AT DIFFERENT TEM- 
PERATURES 

In order to determine the causes of the retardation of ripening in 
coated fruit, as well as the cause of the development of bad flavor that 
may accompany this retardation, the respiration of certain lots of fruit 
was measured. It is important that both oxygen absorption and 
CO2 output be determined, to arrive at a real measure of what is going 
on in the fruit. In the absence of oxygen, fruit will’ still give off GO3 
by anerobic respiration, as has been shown by Hill (17) and others. 
Consequently, the measurement of the oxygen absorption is essential 
to a knowledge of the source of the CO2 given off by die fruit. 
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ME^THOD OF ESTIMATING COg OUTPUT AND O2 INTAKE 

Most of the work in which both O2 absorption and CO2 output have 
been studied has been carried out by placing fruit in closed chambers, 
and analyzing the included atmosphere for O2 and CO3 at the end of a 
certain interval. This results in the fruit being exposed to an atmosphere 
higher in CO2 pressure and lower in O3 pressure than the air. The 
work of Kidd and West (14), as well as investigations reported here, 
has demonstrated the importance of CO2 and O2 concentrations in the 
ripening of apples. 

In order to determine both CO2 given off and O2 absorbed without 
exposing the fruit to varying concentrations of these two gases, the 
apparatus shown in Figure 14 was used. A large bottle containing a 
water reserve (A) is connected by a double siphon feed of glass tubing 
to a second bottle (B). The siphon feed maintains a constant water 



Fig. 14. — ^Apparatus for determining the amotmt of CO2 given off and the amount of O2 absorbed by the 

fmit. 


level in bottle B. Bottle B has a tubulature at the bottom, by which it 
is connected, through rubber and glass tubing, to a third bottle, C. 
Bottle C is full of pure O2, being filled by displacement of water. A 
second tube from bottle C is connected into the closed desiccator D 
which contains the fruit. In the bottom of the desiccator D is placed a 
wide beaker containing KOH, a solution approximately twice normal 
being used. 

As the fruit respires O2 is absorbed by it and GO3 is given off. The 
CO2 given off in tihe desiccator D is absorbed in the KOH solution in 
the bottom of the desiccator; a negative pressure consequently develops 
in the desiccator, due to loss of O3. As a result pure Oj passes over 
from C, and the loss in O3 in bottle C is replaced by water which flows 
from bottle B. It is important that the height of the water level in B 
be so adjusted that it will be just level with the end of the connection 
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into bottle C. If this is done, the whole equipment will be under atmos- 
pheric pressure at all times. 

The oxygen consumption was measured by measuring the volume of 
water in bottle C and subtracting 3 per cent from this volume as an 
estimation of the quantity of oxygen absorbed in the water. CO3 
dissolved in the KOH solution was determined by the double titration 
method as used by Gore (jj), phenolphthalein and methyl orange being 
the indicators used. 

Analyses of the contained air in desiccator D showed an accumulation 
of CO2 of less than i per cent by volume even when held at high tem- 
peratures and with rapid respiration going on. The apparatus^ can be 
used at any temperature by substituting NaCl or CaCls solutions for 
the water at temperatures below 32° F. 

It is essential that the temperature be kept constant during any run. 
If the temperature rises, the atmosphere in D and C will expand, driving 
the water back from C and even with a possible loss of O3 through B. 
If the temperature drops, the lowering of the volume of the contained 
atmosphere will result in a greater volume of water in C and apparent 
greater Og consumption. Fluctuation should not be greater than C. 

RESPIRATION OF WINESAP APPLES AT 32° F. (o® C.) 

The data for the respiration of Winesap apples at 32® F. are presented 
in Table IV. Oxygen determinations for the first series were lost, but 
CO2 output was measured, and both CO2 and O2 output were measured 
for the second series. 


TabIiE IV . — Respiration of Winesap apples at J 2 ° F. {0° C.) 


Ex- 

peri- 

ment 

No. 

Description 
of fruit. 

Weight 

of 

fruit. 

Run 

No. 

Dength 
of run. 

Kilo- 

gram 

hours. 

Weight 

COs. 

C02 

per 

kilo- 

gram 

hour. 

Volume 
CO2 per 
kilo- 
gram 
hour. 

Volume 
O2 per 
kilo- 
gram 
hour. 

Respir- 

atory 

ratio 

CO2. 

O2 



Grams. 


Hours. 


Mgm. 

M gm. 

Cc. 

Cc. 


X 

Normal fruit 5 months 

2,873 

I * 

358/^ 

1 , 030. 0 

2, 167. 5 

2 . XO i 

1. 07 

1 



in storage; chedc. 

2 i 

381K 

1,096. 0 

2,007. X 

1*83. 

•93 1 

1. 02 

0.91 

2 

Fruit coated •with 

2,907 

X ! 

358 

1,040. 7 

1 , 807. 7 

I. 74 

•89 




paraffin. 


381K 

I, X09, 0 

1 , 625. 9 

1.47 

• 75 j 

•93 

.81 

3 

Fruit coated •with oil, 

2, 822 

I 


1,008. 9 

1 , 745. 4 

I. 73 

. 88 




light coating. j 


2 


1,076.6 

1,623. .3 ! 

i> SI 

■77 

•97 

• 79 

4 

Fruit coated with oil, 

2,801 

X 

317 

1,000.0 

1,183* 6 

1. 18 

. 60 ' 




very heavy coating. 

1 i 


2 

i 

1,068.6 

1,188.6 : 

I. 11 

•S6 i 




All of the fruit used in experiments i to 4 was closely comparable 
except for the treatments received. It is at once apparent that respira- 
tion was markedly reduced by the coatings which the fruit in experiments 
2,3, and 4 received. Light oil coating and paraffin coating both resulted 
in a marked decrease in COg output as compared with the control, or un- 
treated, fruit. Furthermore, the fact is developed that in the case of these 
fruits the COg output was not limited by the oxygen supply, for in the 
coated fruit there was a greater consumption of oxygen per unit of 
COg output than in the case of the control fruit. This ia shown by com- 
paring the respiration ratio, obtained by dividing the volume of CO3 per 
unit time and weight of fruit by the volume of O3 absorbed. The heavily 
oiled fruit showed an even greater decrease in GOg output than did the 
lightly oiled fruit. Unfortunately j the oxygen absorption record was 
lost for these heavily coated apples. 
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At the end of the run samples of the atmosphere from the interior of 
the apples (from intercellular spaces) were extracted and analyzed. 
The method employed was that previously described by one of the writers 
(ao). These data, which show the actual atmospheric conditions pre- 
vailing inside the fruit, where the respiratory activity takes place, are 
recorded in Table V. 


Table V . — Analyses of atmosphere from inlercelhilar spaces of normal and coated Wine- 

sap apples at F. {0° C.) 


Experiment No. 

Per cent 
CO2. 

Per cent 
O2. 

Per cent 
Ns by 
difference. 

I . Control ; no treatment 

2 . 2 i 

18. 4 ; 
12. 6 

10. 4 
2.9 

79-3 

76.3 

79 * 5 
84. 7 

a. Medium paraffin coating . ' 

3. Light oil coating i 

4. Heavy oil coating i 

11. I 1 
10 . I ; 

12. 4 • 


These data show that in all cases there was a marked increase in CO^ 
within the tissue following coating and a marked decrease in Oo. An 
abundance of oxygen appeared to be present, however, in all lots except 
those heavily oiled. The fact that the light coatings, which resulted in 
a large increase of CO3 in the tissues as compared to the controls, also 
resulted in a marked decrease in respiratory rate indicates that the 
CO2 directly inhibited respiration. The fact that the quantity of O3 used 
per cubic centimeter of CO3 given off was actually greater in the coated 
fruits than in the controls further indicates that, at least in the lightly 
coated fruit, the O2 supply was not the limiting factor in the respiration 
rate, but rather that respiration was inhibited by CO2 accumulation. 
This will be further discussed under the subject of the effect of CO^ on 
fruit ripening. 

RESPIRATION AT 64.5° F. (l8° C.) 

Magness (20) has shown that the CO3 in the intercellular spaces of 
normal apples increases when the fruit is held at higher temperatures, 
and that the within the tissues correspondingly decreases. Conse- 
quently, the effect of coating the fruit with oil or paraffin would appear 
to be accentuated at higher temperatures. CO2 output and Oo intake 
were measured on three varieties, and after various treatments, while 
being held at 64.5° F. (iS° C.). Results of these respiration tests are 
recorded in Table VI. 

The data reported in Table VI are of much interest in interpreting the 
exact effect of coating the surface of the fruit with substances reducing 
permeability to gases. It will be noted that all cases of coating the fruit 
(experiments 2, 6, ii, and 12) resulted in greatly decreased CO2 output, 
and greatly decreased Oo absorption as well. Metabolic activity in these 
lots was reduced to only slightly over half that shown in check lots of 
fruit. This is in accordance with the slower softening and longer reten- 
tion of green color in these coated fruits. Also of very marked interest 
is the respiratory ratio, or ratio of CO3 given off to O2 taken up by various 
lots of fruit. Gerber (12) reported that at 18® C. the respiratory ratio was 
practically unity in apples. In other words, one molecule of CO3 was 
given off per molecule of absorbed. This would be the case if reduc- 
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ing sugars were being completely oxidized to CO^ and H2O. On the other 
hand, if Oj is not available, CO2 will still be formed, as a result of anerobic 
respiration, or alcoholic fermentation, with a resulting formation of cer- 
tain products that give a bad flavor to the fruit. The normal oxidation 
of organic acids to CO2 and H^O will also result in a respiratory ratio 
superior to i. 


TabIvU VI . — Respiration of apples at 64.^° F, {iS^ C.) 


Ex- 

peri- 

ment 

No. 


Description of fruit. 


Rome Beauty; early pick, 
(Sept. 14,) held at 33° in 
unwrapped box until 
Bee. 18. 

Rome Beauty ; fruit similar 
to experiment i; lightly 
coated with mineral oil. 

Rome Beauty; similar to 
experiments x and 3 ex- 
cept held in oiled paper 
wraps, 

Rome Beauty; late pick 
(Oct. 17); well colored 
and rather soft 

York Imperial; from oil 
paper wrapped box held 
at 33® F, 3 months. 

York Imperial; similar to 
experiment s, but oil 
coated when put in 33® 
storage. 

York Imperial; similar to 
experiments s and 6, 
heldinordinarywrapped 
box. 

York Imperial; barrel 
storage. 

York Imperial; unwrapped 
box storage. 

Wiuesap; held 3 months at 
32® F.; unwrapped box. 

Winesap; similar to exper- 
iment 10, but oil-coated 
when removed to 64. 5® F. 

Winesap; fruit paraffin- 
coated when put in at 

Winesap; held in wrapped 
box; no treatment. 


Weight 

of 

fruit. 

Run 

No. 

Rength 
of run. 

Kilo- 

gram 

hours. 

CO2 

given 

off. 

CO2 

per 

kilo- 

gram 

hour. 

Vol- 

ume 

CO2 

per 

kilo- 

gram 

hour. 

! voi- 
i lime 
j O2 
i per 
i kilo- 
gram 
; hour. 

Res- 

pira- 

tion 

ratio 

COs. 

Of 

Gm. 


Hours. 


AX gw,. 

AXgm. 

Cc. 

; Cc 


a 

338 

X 

n% 

167. 6 

2, 947. 7 

17.6 

8. 96 

7.88 

1, 14 



a 

93K 

219.3 

4 . 292.3 

19. 6 

9. 98 

9.51 

1. 05 



3 

94K 

221. s 

4 . 077 - 0 

18. 4 

9.37 

8. 28 

1. 13 

2 

240 

T 

71 

159. 0 

I, 711. 5 

10. 8 





2 


209. 6 

I, 094. 2 

0. s 






3 

9 SK 

213.4 

I, 844. 7 

8.6 

4.38 

4 . 33 

1. 01 

3 

218 

I 

70M 

156.4 

2, 646. 3 

16. 9 

8. 60 

7. 70 

1. 12 



2 

93 ?^ 

207. 9 

3, 82S. 0 

18.4 

9.37 

9.38 

1. 00 



3 

95 ^ 

212. 4 

3, 728. 3 

17. S 

8. 91 

8.8s 

1. 01 

2 

471 

I 


170.9 

2, 253. 6 

13.2 

6. 71 

5.27 

1. 28 



2 

94 "-^ 

233 - S 

3 , 443.3 

14.7 

7. 48 

7. 41 

I. 01 


569 

3 


238.5 

3 , 492 . 3 

14. 6 

7.43 

7 * 40 

I. 00 

2 

X 

76 

195.3 

2, 553 . 5 

13. 0 




2 

94 ii 

243.8 

* 2 . 954.0 

12. 1 

6.16 

5.17 

1. 19 


528 

; 3 


298.9 

3 . 3 S 9 . 8 

II. 2 

s- 70 

5.64 

1 . 01 


; I 

96H 

244.6 

2, rSo. 4 

8.9 

4.53 

3. 58 

I. 21 

2. 

404 

1 2 


228.8 

I, 841. 6 

8. 05 

4. 10 

3. 08 

1*33 



3 

116K 

280. 1 

X, 949 - 1 

6.9 

3. SI 

3. 62 

.99 

a. 

s8o 

I 

96K 

249.0 

3 . 363. 7 

13. S 

6.87 

6. 93 

.99 



3 

9 SK 

246. 0 

a, 893. 3 

II, 8 

6. 01 

5 - SI 

1.09 



3 

I17K 

301. 2 

3 t 327. I 

11. 0 

5 - 60 

! 5.78 

.97 

2. 

609 

I 

961 ^ 

251.8 

3 , 315. 7 

13.2 

6. 72 

6. 61 

1. 01 



3 

95A 

248. 9 

2. 695. 8 

10. 9 

5 - 55 

5 * 34 

I. 04 


667 

3 

ix6K 

304.6 

3 , 289. 0 

10. 8 

S. SO 

5-37 

I. 02 

2, 

I 

96H 

256.5 

3, 274. 9 

12.8 

6. 52 

6. S 3 

I, 00 



2 

95H 

255. 8 

2, 942. I 

ir. I 

S- 65 

5-39 

r. os 



3 

116H 

294.7 

3 . 352. 8 

11.4 

5- 80 

5.8s 

.99 

3. 

709 

X 

98 

265. 5 

4, 240. 9 

16. 0 

8. 14 

8. 20 

■99 


606 

2 

116K 

315.3 

S» 372. 8 

17. 0 

8. 6s 

8. 04 

r, 07 

2| 

I 

97K 

254 * 1 

a, 756. 3 

10. 8 

5. so 

5. 16 

r. 07 



a 

1x7 

305. 1 

3. 308. 4 

10. 8 

5.50 

4.51 

r. 22 

2, 

298 

1 

9 Sya 

226.4 

2, 172. 6 

9-6 

4. 89 

4. 48 

T. 09 



2 


366. 1 

2,776.4 

lo, 4 

5. 29 

4. 27 

1. 24 

2, 

723 

I 

96H 

262. 1 

4, 184. 7 

16. 0 

8. 14 

8. 07 

I. 01 



3 

ixSH 

323.4 

5 . 439.0 

16.8 

8. SS 

7. 8a 

I. 09 


lABtn Vn.— Composition of intercellular atmosphere of Korne Beauty apples held at 

64.5° F. {18° C.) 


Res- 

piration 

experi- 

ments 

No. 

Description of fruit. 

C02. 

CO2. 

Per cent 
Ns by 
difference. 

I 

Early pick, untreated . : 

* Per cent. 

A Atf 

Per cent. 

14.7 

T A 


2 

Early pick, oil coated . 

4-95 

15-8 

6.8 

80.35 

82.3 

77.7 

■ 4 , 

Eate pick, colored ripe 

^•9 

,15.5 

■ ' ■■■ ■ . 
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■ At tlie temperature here studied (64.5° F. or C.) the respiratory 
ratio ill all untreated fruit was fairly close to unity, averaging slightly 
above. Coated fruit averaged a somewhat higher respiratory ratio. 
Experiments 6 , ii, and 12 show an average ratio of 1.16, while checks 
for York Imperial and Winesap runs averaged 1.04. Data on the On 
absorption of oil-coated Rome Beauty apples were lost. Consequently", 
at 64.5° F. it appears that the oxygen supply was somewhat depleted in 
coated fruits as compared to untreated fruit, and that there was the 
beginning of anerobic respiration with resulting bad flavor. 

Only data for the analyses of the intercellular atmosphere of Rome 
Beauty apples held under these tests are available, but they bear out the 
suggestion that the oxygen supply was very largely depleted in the coated 
fruit. These data are reported in Table VII. 

From these results, which represent averages of a number of deter- 
minations, it is apparent that coating the surface of the fruit had so 
reduced available oxygen as to render anerobic respiration probable, 
whereas untreated fruit had an abundance of oxygen within the tissues. 
Data in Table VI showing a greater CO3 output per unit O2 intake in oil- 
coated than in untreated fruit indicate that anerobic respiration was 
already occurring to a limited extent. 

This conclusion is further borne out by results reported in Table VIII, 
which records respiration data for Winesap and Rome Beauty apples 
held at a temperature of 80® F. (26.5° C). 

Tabled VIII . — Respiration of apples at 80^ F. {26.;^ C,) 


-Ex- 

peri- 

ment 

No. 

Description of fruit. 

Weight 

of 

fruit. 

Run 

No. 

Length 

of 

run. 

Kilo- 

gram 

hours. 

Weight 

ofCOa 

COa 

per 

kilo- 

gram 

hour. 

COa 

per 

kilo- 

gram 

hour. 

O2 

per 

kilo- 

gram 

hour. 

Respi- 

ratory 

ratio 

COa 

Of. 



Gws. 


Hours. 


Mgm. 

Mgm. 

Cc. 

Cc. 


X 

Winesap; after 4 months at 

3,740 

I 

70 

191. 8 

4. 7S6. 6 

24- 95 

12. 70 

11. 65 

1.09 


3 a F.; unwrapped box. 


a 

6s>l 

I9I* 1 

4,404-7 

33-05 

12-73 

12.24 

.96 

a 

Winesap; similar to experi- 

3,650 

I 

70 

i8S*S 

3, 207. 5 

17-3 

8. 81 

4-20 

2. SJ 


ment x, except coated 


3 

6^ 

X84.8 

a, 812. 8 

15.3 

7.74 

5-76 

1- 34 


with mineral oil when re- : 











moved to 26.5® C, 










.3 

Winesap; same as experi- 

3,637* 

X 

69I 

184. z ! 

4,470.8 

24-3 : 

12.37 

11-43 

1.08 


ment X. 


3 

69 

X84. 4 ! 

4, 173- 8 

22. 6 

11. so 

12. 13 

-95 

4 

Rome Beauty; early pick; 

3,113 

I 

69H 

3x6. 9 

5, 755- 3 

26.5 

13,49 

la.89 

I. OS 


after 4 months at 3a® F.; 

3,005 

3 


210. 0 

4,978-6 

23-7 

13. 06 

12.88 

•94 


no treatment. 










5 

i Rome Beauty; similar to 

! 3,575 

I 

' 69I 

176. I I 

is, 563- 9 

30. 2 

II. 20 

4- 57 

2.4s 


experiment 3, except oil- 


3 

69I 


2,937.6 

16. 7 

8.50 

7-15 

1. 19 


coated when removed to 




176.3 1 







26“ C. 




i 



i 




Experiments i and 3 show normal Winesap apples under test at 80® 
F., with experiment 2 showing similar fruit oil coated when the test was 
started. Normal fruit has a respiratory ratio averaging 1.025 and 
1. 015 for experiments i and 3, respectively, while the oil-coated fruit gave 
a ratio of 1.75, Results on Rome Beauty were very similar. The 
rate of CO2 evolution in both varieties was reduced from normal only 
about 35 per cent by the oil coating. This reduction was no greater in 
proportion than that at 64.5° (see Table VI) . At the higher temperature, 
however, oxygen could not enter the oil-coated fruit sufficiently rapidly 
to supply the need, and anerobic respiration resulted. Analyses for the 
internal atmosphere of some of the fruits held at 80® F. are recorded in 
Table IX. 



30 


Journal of Agricultural Research 


VoL XXWI, No. r 


Tabled lX.~"Conipositmi of intercellular atmosphere of apples held at So^ F. {26, C\) 


Respi- 

ration 

experi- 

ment 

No. 

(Table 

VIII). 

Description of fruit. 

CO2. 

Oa. 

Per cent 
, Na by 
difference.. 

I? 3 

Winesap, untreated ' j 

Per cent. 
9.2 

Per cent. 

14. 2 

76. 6 

2 1 

Winesap, oil coated. 

14. 0 

7 

84.3 

4 1 
3 

Rome Beauty, ilntreated 

5 - S 

16. 2 

78-3 

Rome Beauty, oil coated 

18.8 

2. 9 

78.3 


Analyses for oxygen in the fruit held at 80*^ F., where the respiratory 
ratio was much superior to unity, showed about the same quantity 
present as in similar fruit held at 64,5^ F., where the anerobic respiration 
apparently was just starting, and apparently represents about the con- 
centration present when oxygen is the limiting factor in fruit respiration. 

The total quantity of oxygen entering the oil-coated fruit at 64. 5 F. 
was approximately the same as the total amount entering at 80° F. It 
appears, therefore, that in fruit coated as heavily as the fruit here tested 
about 60° marked the highest temperature at which the oxygen supply 
entering the fruit was sufficient to prevent anerobic respiration. When 
held at temperatures above 60° anerobic respiration was very pronounced. 

DISCUSSION OF I$FFECT OF COATING SURFACE OF FRUIT UPON THE RIPEN- 
ING PROCESSES 

From the data presented above it is apparent that coating the surface 
of the fruit with such substances as oil or paraffin tends to retard respira- 
tion, regardless of the temperature at which the fruit is held, and thus 
to retard the ripening processes. The degree of this retardation will 
vary with the thickness of the coating. Apples heavily coated with 
either oil or paraffin are retarded in ripening much more than apples 
lightly coated. 

So long as the substances used in coating the fruit are entirely tasteless 
and odorless, the flavor appears to be normal until anerobic respiration 
sets in. Anerobic respiration may occur in fruit held at 32° F., if the coat- 
ing is very heavy. The higher the temperature at which the fruit is held 
the less the coating that will be required to induce anerobic respiration. 
At 64.5° fruit lightly coated appeared to show just the beginning of 
anerobic respiration, while the respiration of similarly treated fruit when 
held at 80° F. was largely anerobic. In fact it seems highly probable 
that anerobic respiration will occur in certain fruits at very high 
temperatures without any coating of the surface. Taylor and Overholser 
{26) reported that very high temperatures inhibited the ripening of 
Bartlett pears, with associated loss of quality. It seems probable that 
anerobic respiration occurred. Gerber's high respiratory ratio on apples 
held at very high temperatures (30° and 33° C.) may have been due to 
oxygen depletion in the tissues. 

There is a wide variation in the amount of oxygen in the tissues of 
different varieties of apples under similar conditions. Magness and 
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Burrouglis ^ found 5 to 6 per cent oxygen in western Winesap apples, 
at 68^^ and to 14 per cent in New York Baldwin apples under the 
same conditions. Table IX shows 14 per cent oxygen in Winesap apples 
grown in Virginia even at a temperature of 80°. Magness { 20 ) found only 
5.5 per cent oxygen in the tissues of California-grown Yellow Newtown 
apples at 68° F. (20° C.), while Virginia-growm Ben Davis showed 13 to 
14 per cent oxygen at 80° P., and Delicious 16 to 17 per cent. Thus 
it is apparent that the internal atmosphere will vary with the skin 
permeability, which in turn will vary with the variety and the conditions 
under which it is grown. 

The fact appears definitely established that coating the surface of the 
fruit, either with paraffin or with oil, will somewhat retard the ripening 
of the fruit. If too much is applied, however, anerobic respiration will 
result, and the flavor of the fruit will be injured. The amount that can 
be applied without injury will vary with the variety and with the tem- 
perature to which the fruit will be exposed. Very thin coatings may 
result in bad flavor in certain varieties, particularly when these varieties 
are exposed to the relatively high temperatures usually encountered 
by apples before ultimate consumption. 

The effect of coating appears to be twofold. At certain temperatures 
there seems to be an actual limitation in the oxygen supply which not 
only retards ripening but also results in bad flavor. At all temperatures 
there is an apparent increase in the concentration of CO2 within the 
tissues, and this increased concentration of CO2 seems directly to inhibit 
the ripening processes, as will be discussed later. 

INFLUENCE OF CARBON DIOXIDE CONCENTRATIONS UPON THE 
RIPENING OF APPLES 

It has long been known that increasing the carbon dioxid pressure in. 
the atmosphere surrounding plant tissues would have a marked effect 
upon their metabolism. Brooks, Cooley, and Fisher (5) reported that 
apples held in concentrations of 5 per cent and upward of CO2 remained 
firm and green, but developed an alcoholic flavor. More recently, Kidd 
and West ( 14 ) have carried on extensive tests on storing apples in CO3 
with diminished O2 pressures. Fruit has been stored in tight chambers 
and the chambers kept closed until the O2 in the air was reduced to from 
5 to 8 per cent, and the COg reached 15 per cent, due to the respiration of 
the fruit. Then sufficient ventilation was given to maintain this ratio. 
They found it important not to reduce the O2 pressure below 5 per cent 
or to increase the CO3 above 15 per cent. They report that apples so 
handled keep about twice as long as controls held in air. 

In order to determine the influence of CO2 pressure, as distinct 
from limitation of upon the rate of ripening of apples, preliminary 
experiments were made with holding apples in various concentra- 
tions of CO2. The apparatus used is shown in Figure 15. It was 
desirable not to keep the fruit in a closed chamber, where respiration 
from the fruit itself would alter the composition of the surrounding air. 
Consequently, two large bottles were used, A and B, each of 19 liters 
capacity. Bottle A was filled with water. In B the desired gas mixture 
was secured by introducing pure COg, O2, and air in the desired amounts,, 
using water displacement to measure the volumes. A layer of mineral 
oil was left in the. bottom of this bottle to reduce unequal absorption of 
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the gases by water. The bottle was closed with a stopper containing a 
tube (0 extending to the bottom of the bottle, and with another tube 
extending from the top of the bottle B to the desiccator C containing the 
apples under test. A siphon from A entered the top of the tube t, which 
delivered under the oil in B. As water flowed through this siphon into 
the bottom of bottle B, the contained gases passed out and through the 
desiccator C. They were delivered into the bottom of C, and escaped 
through a capillary opening in the top of C. 



Fig. xs.~Apparatus for determining the influence of COs pressure upon tiie rate of ripening of apples. 

In order to determine whether or not any variation found was due to 
CO2 present rather than to a deficiency of O2, the O2 content of the atmOvS™ 
phere in all tests was kept at approximately 20 per cent, or normal air 
concentration. CO^ concentrations were varied from o to 50 per cent. 

Some variations occurred in the rate of flow of the gas through the 
desiccators containing the apples. In all cases, however, about 18 liters 
of gas passed through per 24 hours, so there were never more than slight 
accumulations of CO2 or deficiencies in O2 due to the respiration of the 
fruit. 

Two sets of experiments were run, one on Winesap and one on Delicious 
apples. Pressure tests, to determine the relative rates of softening, were 
made on a representative sample of the fruit at the beginning of the test 
and on all the various lots at the end of the test. Acidity determinations 
were also made on all lots. Data for Winesap apples are recorded in 
Table X.'. ' ■ 
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TabliS X . — Relative hardness and acidity in Winesap apples after being held lo days at 
71.5® F. (22° C.) in various concentrations of CO2. ^ 


Description of test. j 

1 

j 

Pressure | 
test. 1 

Acidity — 
cc. N/soacid 
per 10 gm. 
wet weight, 

i 

Dot No. 

Per cent 
COa. 

Per cent 1 
O3. 1 

I ............ 

0 

30 

12.37 

13.07 

13-55^ 

13.48 

14.2a 

14.78 

! 6. sjc 

a 

c 

20 

6.41 

6.22 

-j 

3 

10 

20 

^ 

20 

20 

6.36 
6.27 
6. 14 

c 

so 

100 

20 

0* 

4 ). 

! 0 




a Removed from 33" F. at beginning of test. Pressure test, 15.37 pounds. Acidity, 6.53 cc. N/io per 10 
gm. of wet tissue when removed from 3a" F. 


Internal atmospheres were analyzed from 5 apples of each lot at the 
end of the test. Oxygen present in all fruits (except lot No. 6, not 
analyzed) ranged from 6 to 13 per cent, while CO2 ranged approximately 
20 per cent above the concentration of the surrounding atmosphere. 
These analyses indicate that there was in all lots an abundance of 
within the tissue. 

There was a marked relationship between CO2 concentration and the 
rate of softening of the fruit. An atmosphere containing even 5 per cent 
CO2 resulted in a distinctly slower rate of softening than did air of the 
normal concentration, while higher concentrations resulted in still further 
decreasing the softening rate. Acidity, on the other hand, apparently, 
disappeared more rapidly at the higher concentrations of CO2. While 
the acidity results are all so close together that they are not at all con- 
clusive, the uniformity of the fruit used in these tests as well as the 
regularity of the results makes them very suggestive. Results of a 
similar series of tests on Delicious apples are recorded in Table XL 


TabliS XI . — Relative hardness and acidity in Delicious apples after being held ii days at 
7J.5® F. (22® C.) in various concentrations of COg.® 


Description of test. 

1 

1 

Pressure | 
test. j 

1 Acidity — 

1 cc. N/io acid 

1 periogm. 
wet tissue. 


Dot No. 

Per cent 
COr. 

Per cent Oa. 



0 

20 

Pounds. 

11.78 i 
12.31 

12.63 
13. 82 

13- 58 
n- s8 

1 

1 . 2.26 




20 

i, , ' 2. 43 
2. 31 


10 

20 


1 20 

20 

'■ 2. 21 


. . 50 

20 

i ' 2. 26 

* 

6 

0 

2. 22 


1 ■ 100 

1 



Removed from storage at 32® F. at begimiiiig of test. Pressure test, 13.68 pounds. Acidity, 2.36 cc. 
N/i© acid per 10 grams of wet tissue when removed from storage at 32** F 


73430—24 -3 
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The decreased rate of softenmg of Delicious when held in various con- 
centrations of CO2 was even more marked than that for Wiiiesap. There 
was little softenmg in any lot held in concentrations of COg of 20 per cent 
or more. Results for acidity change are less pronounced. The results 
as a whole for Delicious are rather less dependable than those for Winesap 
because of the lack of uniformity in the samples used. 

s:FFECT of CO2 CONCENTRATION ON FLAVOR 

A number of apples from each of the above tests were tested for flavor. 
Concentrations of 5 and 10 per cent CO2 gave no flavor Aat was distinc- 
tive from that of control lots held in air. In the lot held in 20 per cent CO^ 
most apples were normal, though in some fruit there was a suggestion of 
a flavor resulting from anerobic respiration. Apparently, 20 per cent CO^ 
marked the extreme concentration in which apples can be held without 
serious impairment of flavor. Fruit held in 50 per cent COg with 20 per 
cent O3 as well as fruit held in 100 per cent CO2 was entirely inedible. 
It is of much interest to note that the flavor produced in the apples in 
high CO2 concentration, even in the presence of abundant O2 in the 
tissues, is very similar to that produced by partially sealing the fruit 
with oil or paraffin, and in many fruits was very similar to the flavor of 
water-cored apples. 

GENERAL DISCUSSION OF THE EFFECT OF COATING FRUIT, AND CO, 
CONCENTRATIONS, UPON THE RIPENING PROCESSES 

It seems well established from the preceding data that coating the fruit 
with any material which retards gaseous exchanges will tend to retard 
softening and the development of a yellow color. This treatment results 
^in a higher concentration of CO2 witiiin the tissues as well as a decreased 
O2 supply. At lower temperatures, coating the fruit moderately does not 
result in a lack of oxygen within the tissues, but the higher concentration 
of CO2 appears to directly retard the ripening processes. At higher tem- 
peratures both CO2 accumulation and O2 deficiency may take part in 
retarding the ripening process. 

The fact that high concentrations of CO2, even in the presence of oxygen, 
gives a flavor to tlie fruit similar to that resulting from an absence of O2 
suggests that the action of the CO2 may be to inhibit the oxydizing 
enzymes, and thus to stop or retard normal oxidation. 

INFLUENCE OF OILED PAPER WRAPS UPON RIPENING PROCESSES 

There is a widespread belief in the commercial apple trade that wrap- 
ping the apples in oiled papers, as has been extensively done for the con- 
trol of storage scald, results in a slower ripening of the fruit and a prolong- 
ing of the storage life (7). The above data on coating the fruit with oil or 
paraffin are very suggestive in this connection. 

The papers that have been used for wrapping to control scald carry 
a very high oil content. The oil will leave the paper very readily, as 
may be shown by placing an oiled paper over one that contains no oil. 
The oil will quickly spread to the non-oiled paper. The waxy coating, 
or cuticle, of apples appears to be exceedingly soluble in mineral oil. 
Consequently, heavily oiled paper loses a portion of its oil to the fruit 
wax. It has been noted that where sufiflcient oil has been used to control 
scald there is often a distinct appearance of oiliness on the fruit surface. 
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While the oil coating thus secured would probably never be sufficient 
to result in bad flavor in the fruit, due to its inducing anerobic respira-- 
tion, it undoubtedly differs in degree only from the effect produced by 
the heavier oil coating secured by wiping the fruit with a well oiled 
cloth, the method followed in the ** oiled coating” here discussed; ' In 
the storage tests of holding fruit in oiled papers in connection 'with this 
work, small-sized wrappers were used, and there was apparently little, 
if any, oil transferred to the fruit. Under these circumstances no varia- 
tion in rate of ripening in storage could be detected between fruit not 
wrapped and fruit wrapped in oiled paper. The wraps used, however, also 
failed to control the development of storage scald, although containing 
a very appreciable quantity of oil. The results obtained with this paper, 
together with the general appearance of fruit on which storage scald 
has been controlled by oiled wraps, strongly suggests that some oil 
must be transferred from the wrapper to the fruit if scald control is to 
be effective. In that case, the ripening of the fruit would be somewhat 
retarded by the use of oiled wraps. 

SUMMARY 

Changes in apples as they approach the condition of ripeness on the 
tree have been studied. These changes include (i) increase in size, 
(2) increase in the area and intensity of the red color and the change 
in the green or ground color from leaf green to yellow green, (3) a pro- ‘ 
gressive softening of the fruit, and (4) a decrease in the apparent acidity 
in the fruit. Fruit softened very rapidly while still on the trees at 
Arlington, Va., during the warm, dry autumn of 1922. 

Changes in the fruit following picking are primarily a continuation 
of pre-picking changes. Softening, acidity change, sugar change,' etc. , 
continue after picking much as while the fruit is still on the tree. The 
rate of these changes varies with the temperature at which the fruit is’ ■ 
held. 

Rate of softening of apples while in 32*^ F. storage as compared with = 
storage at 70"^ F. varies with varieties. Ben Davis softened as much in 
2}4 months at 32^ F. as in 12 days at 70° F., "Winesap and Rome Beauty 
as much in 3 to 4 months at 32° P. as in 12 days at 70"^ F., York Imperial" 
as much in about 5 months at 32*^ F. as in 12 days at 70° F., while Deli- 
cious and Rliode Island Greening were softer at the end of 12 days at 
F. than they were at the end of their storage period, about 6 months, 
when placed in 32° storage immediately after picking. 

All varieties used showed a constant decrease in acidity during the * 
time the apples were held in 32° storage. Rate of decrease was very 
nearly the same in all varieties, regardless of acid content. Thus Deli- 
cious, with an initial acid content of about 3 cubic centimeters N/io 
acid per 10 grams of wet tissue, lost acid until after 6 months only 2 cubic 
centimeter N/io acid was present, a loss of from 30 to 40 per cent. Rhode 
Island Greening, with an acid content equivalent to. 9 cubic centimeters 
N/io acid at the beginning of the season, also lost only about i cubic 
centimeter N/io acid, or about 12 per cent. Range of varieties tested, 
in order of decreasing acid content, is Rhode Island Greening, Ben 
Davis, York Imperial, Winesap, Rome Beauty, and , Delicious. ' Per-" ■, ' 
centage loss of acid during. 6 months in storage is in the reverse order, 
those varieties showing lowest total acidity showing highest percentage 
loss. 
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^ Coating the surface of the fruit, eitlier with paraffin or with oil, reduces 
the permeability of the fruit skin in proportion to the amount of the 
coating material applied. This results in higher CO2 concentration, 
and lower concentration, in the gas present in the intercellular spaces 
of the fruit. If too much of the coating material is applied, anerobic 
respiration will result, with the development , of disagreeable flavors in 
the fruit. 

Increasing the concentration of CO2 in the atmosphere surrounding 
apples results in a slower rate of softening of the apples. Coating the 
surface of the fruit with paraffin or oil also results in a slower rate of 
softening both in storage at 32^ F. and at 70° F., probably by increasing 
the CO2 concentration within the tissues. 

Coating the fruit, either with paraffin or oil, resulted in a reduced 
respiration rate, whether the fruit was being tested at 32° F. (0*^ C.), 

ro 

at 64.5® F. (18° C.), or at 80° F. (26.5® C.) ; at 32° F. the ratio was 

.2 

less than i, indicating that there was an abundance of O3 within the 
tissue, and that the reduced respiration rate was due to CO2 accumu- 
lation. At 64.5° F., O2 within the tissues was practically exhausted, and 
some anerobic respiration apparently occurred in coated fruit, for the 

CO . CO 

respiratory ratio was greater than i. At 80° F. the ratio — ? was 

O2 O2 

much greater than i , indicating marked anerobic respiration. 

In normal, uncoated fruit the respiratory ratio at all temperatures 
was approximately indicating that there was no anerobic respiration 
in any of the normal fruit studied^' Rate of CO2 evolution in normal 
Winesap apples averaged 1.97 milligrams per kilogram hour at o® C., 
16.45 milligrams at 18° C., and 23.73 milligrams at 26.5® C. This appears 
to be very close to the ratio of the softening rates at the different tem- 
peratures. 

Atmospheres of CO3 in concentrations of 5 per cent, 10 per cent, 20 
per cent, and 50 per cent, with 20 per cent O3, markedly inhibited the 
softening rates of apples, the retardation in softening rate varying with 
the CO2 concentration. Five per cent and 10 per cent concentrations 
of CO3 had no appreciable effect upon the flavor of apples. In concen- 
trations of 20 per cent CO2 there was a very slight flavor of fermentation. 
Fruit held in 50 per cent CO2 was entirely inedible. These tests were 
all made at 71.5° F. (22° C.). They indicate that any concentration of 
CO2 in which men can work, such as the concentrations of 2 to 3 per cent 
which may occasionally occur in cold-storage rooms, will not injure 
the fruit, and may, in fact, be distinctly beneficial, through retarding 
the softening process. 
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A STUDY OF THE EFFECTS OF PUMPKIN SEEDS ON 

THE GROWTH OF RATS^ 

By Benjamin Masurovsky^ 

Animal Nutrition Laboratory t Dairy Husbandry Department, Nebraska Agricultural 

Experiment Station 

INTRODUCTION 

The object of the experiment recorded in this paper was to investigate 
the belief prevalent among stock feeders as to the injury caused by of 
Cucurbita pepo (pumpkin) seeds in animal metabolism and to verify the 
results obtained by scientific investigators in the study of the effects of 
these seeds upon animals. 

Pott ^ states that the claim made that pumpkin seeds are injurious is 
without foundation. 

Lindsey ^ found that the seeds appeared to have no injurious effects 
upon animals when fed in the amounts found in the entire pumpkin 
fruit. 

The writer ^ fed pumpkins with increased quantities of Cucurbita seeds 
to growing pigs and found no detrimental effect upon the gain in body 
.weight of the animals. Elsewhere he ® experimented on himself by in- 
cluding Cucurbita pepo seeds in his diet. In studying the kidney excre- 
tion he found that the role played by pumpkin seeds in animal metabolism 
is of a chemico-pharmacognostic value. 

EXPERIMENT 

Six rats of the same litter resulting from the crossing of a pure 
Norwegian buck and an albino doe of the Tyler'' strain were used in 
this experiment. The foundation stocks of both the Norwegian and albino 
strains were purchased from the Wistar Institute of Anatomy and 
Biology, Philadelphia, Pa. 

The experimental animals were born April 24, 1923, and weaned May 
18- They w^e all males and at the beginning of the feeding experi- 
ment, June 22, were 60 days old and of the following weights: 


No. of group. 

No. of ani- 
mal. 

Sex. 

i Weight. 




Gm. 

1 . . . . ... 

( 41 

1 

135 


1 43 

d ; 

137 

TT 

/ 45 

c? ; 

12 s 


1 46 i 


127 

III 

r 40 

<? 

118 


\ 42 

1 ,d‘' 

i 3:34 


1 Accepted for publication Nov. i, 1923. Published by permission of the Director, Nebraska Experi * 
ment Station. 

s The writer wishes to express his thanks to R. A. Braun, Dairy Husbandry Department, for the timely 
help given in this work. 
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EINDSEY, J. B. mE COMPOSITION, DIGESTIBnjTy, AND FEEDING VAI.XJB OF FOMPKINS. Ma^. Agr. 
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The balanced basal ration consisted of the following ingredients: 


Gm, 

Wheat 2,900 

Com 2,800 

Oats (rolled) 750 

Green peas 750 

Alfalfa (flour) 500 


Gw. 

Meat scraps i , 000 

Cod liver oil 300 

Calcium carbonate 150 

Sodium chiorid 100 


The pumpkin seeds used in this experiment were obtained from a seed 
store. All the grain was milled very fine and thoroughly mixed. 

Up to June 22 all experimental animals were kept on the same basal 
balanced ration, and beginning with June i their gain in weight was 
recorded weekly. On June 22 the animals were arranged for the 
feeding trial in the following way: Three groups of rats, two ani” 
mals in each group, were placed in three separate cages and fed on 
different grain mixtures. Group I, No. 41 and 43, were fed on the basal 
balanced ration and served as a control in this experiment; Group II,, 
No. 45 and 46, received a grain mixture consisting of 50 parts ground 
pumpkin seeds and 50 parts of the basal balanced ration; Group III,. 
No. 41 and 42, were fed ground pumpkin seeds only. The food was 
given without restriction and a constant supply of fresh tap water was 
kept before the animals. 

The all-wire cages were provided with false bottoms wherein a thin 
layer of wooden shaving served as bedding for the animals. The litter 
was removed weekly, the false bottoms disinfected, and clean bedding 
was provided for the animals. Weekly records of body weight of the 
rats were kept until the completion of the feeding trial. The results are 
given in the accompanying tables: 


TabIvE I . — Pumpkin seed experiment 


No. of 

group. 

No. of animal. 

Initial weight. 

1 

'S 

CO 

V 

1 

Total gain per 
100 gm. 

a> 

a 

•ii 

Q 

June 16 weight. 

Total gain per 
100 gm. 

Daily gain per 
100 gm. live 
weight. 

June 32 weight. 

Total gain per 
xoo gm. 

|i 

*a 

q 


I 

1 43 

/ 45 

\ 46 

I 40 

\ 43 

Gm. 

68 

67 

65 
73 

66 

68 

Gm. 

88 

87 
8s 
89 
82 

88 

Gm. 

Gm. 

Gm. 

117 

ti8 

no 

113 

106 

n8 

Gm. 

Gm. 

Gm. 

I 3 S 

X 37 

135 

127 

118 

X 34 

Gm. 

Gm. 

I ®. . 

+ 39-5 

+4. 33 

+ 34 -a 

+4.37 

-f-X5. 7 

+2. 61 

II ^ 

+36, 0 

+3. 73 

- 1-3 8. 1 

+ 3 - 5 ^ 

+13, 0 

+ 2. x6 

HI « 

+36.8 

+3- 83 

+31. 7 

+3-96 

+ 13.5 

+2. 08 


« Control; fed balanced ration. 

^ Fed 50 parts ptimpkin seed and 50 parts balanced ration, 
c Fed pumpkin seeds only. 
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TablB I . — Pwnpkin seed experiment — Continued 


No. oi group. 


I®... 

II K, 

III c. 


Gm. 

235 

237 

125 

127 

118 

234 


Gw, 

i68| 

170] 

17a 

273 

149 

2 S 9 


Gw. 
+24. a 
+36. 9! 


+ 22. 3 ; 


Gw. 


!+3- 02 
1+4. 60 
+2. 77 


Gw. 

I 9 S 

200 

xga 

195 

171. 

182 


3 8 | 

O M 


Gm. 


+ I6.8 
+12. 17] 
+14. 6 


Gw. 


1+2.8 
+2. 03 
!+a. 43 


Gw, 

215 

235 

220 

223 

xpo 

300 


a 

.ss 


Gw. 


+13-91 


+ 14. 4 


+ 10.4 


fig 

P 


Gm. 


+ 1. 73' 
+ i .'8 
+ 1.3 


Gw. 

234 

263 

243 

243 

197 

213 


Gm. 


+10, 4 
+9 . 93 
+S- 12 


c . . 

'ESS 

ra 8s 

(3 w P 

P 


Gm. 


+ 2.71 
+1. 65 
+0.S5 


No. of group. 


I®.... 
n 6... 
m c . 


(jtn. 

2341 

263 

3451 

242 

197] 

313 


Gm. 

3 SI| 

285I 

2751 

260 

183 

220 


5 


Gm. 


+7.84 
+9’ 85 
-1. 70 


a 

^8 

.';3 *-* 


Gm. 


a 

-Sa 
>> 8 


+1. 12 
i+i. 40 
o. 24 


Gw. I Gm. 

270; 

310! +8. 20] 
300: .. . 
2781+8. 03 


Gm. 

+ j. 17I 


200 }. 


;i 6|+3. 2: 


+-3. 14 
fo, 46 


Gw. 

288j 

337I 

31 ' 

29'. 

ao8j 

320| 


•SB 

^ tt 


-sa 

cs ^ 
w ^ 
^ 8 


Gw. 


Gm. 


+6. 03 
+6.' 22 
+2.‘88 


+0. 89 
+a88 
+0. 41. 


« Control; fed balanced ration. 

6 Fed so parts pumpkin seeds and 50 parts balanced ration, 
c Fed pumpkin seeds only. 

DISCUSSION 


From the tables here presented it will be found that calculations 
were made by subtracting the weekly weight of each animal from the 





Fig. I. “No, 41 and 43 belong to Group I, which were fed the basal balanced ration. No. 45 46 belong 

to Group II and received 50 parts of ground pumpkin seeds fcMr every 50 parts of the basal balanced ration 
No, 40 and 42 constitute Group III, which were fed ground pumpkin seeds only. The curves repiesmt 
the growth in body weight of the rats begiiming June i and ending August 10. The broken lines past 
through the points at which the feeding trial of pumpkin seeds started. 


preceding weekly weight of the same animal. The total gain consti- 
tuted the algebraic sum of the differences of all the animals in ^ch 
group. The total gain per loo gm. body weight was obtained by divid- 
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ing tlie total weekly gain by the total body weight of each group of the 
preceding week and multiplying the quotient by loo. The daily gain 
per loo gin. body weight was derived by dividing the total weekly gain 
per loo gm. body weight by the number of days in the week. 

In stud3dng the figures and the records given above it will be noticed 
that the change of environment and ration shortly after grouping of the 
experimental animals was most pronounced in Group II, i. e., on June 30 

the daily gain per 100 gm. 
body weight for Group 
II was 1.83 gm. greater 
than that of Group III 
and 1.58 gm. greater than 
that of the control, 
Group I. 

As will be noted from 
Figure I, the animals of 
Group II show smooth 
growth curves similar to 
those of the control, while 
the animals in Group III 
depart considerably, a break being noticeable in their growth curves when 
compared either with those of Group I or Group II. 

Figure 2 shows the stimulating effect of pumpkin seeds when mixed 
with the basal ration, 50 per cent of each, as fed to Group II. It also 
demonstrates the poor effect of pumpkin seeds, as the sole food, on gain 
in weight of growing rats. 

SUMMARY 

A seven- weeks feeding- trial of pumpkin seeds (Cucurhita pepo) was 
conducted with six rats of the same age and of the same litter. The 
animals were arranged in three separate groups; Group I received a 
grain mixture constituting the basal balanced ration; Group II received 
50 parts of ground pumpkin seeds to every 50 parts of the basal bal- 
anced grain mixture; and Group III was fed on ground pumpkin seeds 
only. The results obtained in the experiment suggest the following 
conclusions : 

Pumpkin seeds fed in as high a quantity as 50 per cent of the grain 
mixture show no injurious effects upon the growth of rats. 

Rats fed only on pumpkin seeds exhibit poor growth. 

A pronounced increase was noted in the daily gain of body weight in 
Group II during the first week, this being 1.58 gm. greater than that of 
Group I, the control, and 1.83 gm. greater than the gain of Group III. 



Fig. 2 . — rhe curves represent the daily gain per loo gm. body 
weight of each group of rats beginning Jime i and ending Au- 
gust 10. The broken lines pass through the points at which the 
feeding trial of pumpkin seeds started. 




THE ARGUS TORTOISE BEETLE ^ 


By F. H. Chittenden 

Entomologist, Truck-Crop Insect Investigations , Bureau of Entomology, United States 

Department of Agriculture 


INTRODUCTORY 


The foliage of sweet potato, wherever planted in the United States, is 
attacked every year by tortoise beetles of different species, the largest 
of which is known as the Argus tortoise beetle (Chelymorpha cassidea 
Fab.).^ This species breeds on convolvulaceous plants, and, until the 
year 1919, was rather generally believed to be more commonly found 
on bindweed {Conuolvidus spp.) or wild morning-glory (Ipomoea spp.) 



Fig. 1 . — The Argus tortoise beetle: a, Beetle; 6 , larva with feci-fork extended at end; c, pupa, ventral 
view: d, dorsal view of pupa with characteristic covering. Greatly enlarged. 


and related wild plants than on sweet potato. That year the species 
was abundant and attracted more attention on sweet potato (Ipomoea 
batatas) than on wild plants, and recent studies tend to show that it 
prefers the cultivated plant, even when wild Convolvulaceae are available 
in the immediate vicinity. Thus far, however, it has not been a pest of 
importance. 

DESCRIPTION 


THE BEETLE 


The beetle (fig. i, a, and PL i, A, a) is dark brick red when fully 
mature, and, before it is fully colored, of different shades of yellow. Its 

^ Accepted for publication, Nov. I, 1923. 

3 Formerly known as Chelymorpha argus Ticht.; order Coleoptera, family Chrysomelidae. 
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upper surface is ornamented with black dots of variable number and 
size, the variation being largety dependent on locality. Usually, in the' 
eastern form, there are from 17 to 21 spots, which are more or less 
rounded. On the prothorax there are usually from 4 to 6 spots, and 
there is also one sutural spot behind the scutellum. The small mar- 
ginal spot is sometimes lacking, especially in western forms. The 
lower surface is black, with the exception of the head, margins of the 
prothorax, and that portion of the elytra which can be seen from below. 
The antennae and legs are also black. 

This form can readily be distinguished from all other genera of tor- 
toise beetles by the characters given, and from other common species 
that attack sweet potato it can be known at once by its much larger 
size, since it is one of the largest of the leaf -beetle family occurring in the 
United States. 

The full length is about one-third of an inch (8-1 1 millimeters) and the 
width about one-fourth of an inch (6-7 millimeters). 

Several forms of this species occur in the United States which are con- 
sidered to be merely varieties, races, and, in one instance, a subspecies. 
So far as known, these variants have practically the same habits, but 
some have a different distribution and all very closely resemble the form 
described above. 

SYNONYMS AND VARIETIES 

Chelymorpha cassidea Fabricius, Syst. Fnt., 1775, p. 82. 

Ckelymofpha argus Lichtenstein, Cat. Mus. Haihb., 1795, p. 66. 

Chelymorpha cribraria Olivier, In Enc. Meth., v. 5, 1790, p. 383; Ent., v. 6, 1808,. 
p. 956. 

Var. lewisi Crotch, in Proc. Acad. Nat. Sci. Phila., 1873, p. 77. 

Var. phyiophagica Crotch, 1 . c., p. 77. 

Var. septendecim-punctataSo.yt in Jour. Acad. Nat. Sci. Phila., v. 3, 1823, p. 435. 

Subsp. geniculata Bohemann, Mon., v. 2, 1854, p. 39. 

EGG 

The egg mass (fig. 2) of Chelymorpha cassidea is most peculiar. The 
eggs are deposited normally on the lower surfaces of the leaves and 
probably elsewhere at times, since in confinement masses have been 
found on the stalks. In the field they are deposited in clusters varying 
from 16 to 28. Six masses contained 16, 17, 18, 24, 26, and 28 eggs, 
respectively. The eggs are attached to the leaf by long pedicels, the 
pedicels being fastened to the leaf surface by a considerable amount of 
glutinous substance. The eggs also adhere to each other at their bases 
and, in many cases, halfway or a little more toward the apices, but the 
ends are free and divergent. The eggs are deposited irregularly, without 
definite pattern. There is usually a central irregular row of 6 eggs, 
flanked at each side by a similar irregular row of 5 or 6, while the outer 
rows together form a mass, which is always irregular, but with a sugges- 
tion of a circular arrangement. 

The individtial egg measures about 1.6 millimeters in length and 0.8 millimeter 
in width, being approximately twice as long as wide. 1 1 is evenly rounded at the base 
and bears at the distal end a cap which opens at one side when the larva issues and 
which bears at the extreme apex a prominent dark reddish tubercle of irregular shape, 
somewhat resembling a bit of sealing wax. The general color of the egg is dull buff 
and the surface is granulated. 
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The Argus Tortoise Beetle 


LARVA 

The larva (fig. i, h; PI. i, A, h; B) may be described as follows; 

Head prominent, dark brovtix, outline of basal lialf semicircular; eyes small, black; 
mandibles prominent, darker brown, width of head about 1.6 millimeters; surface 
with numerous short bristles. Thoracic plate nearly twice as long as wide, each half 
irregularly pentagonal. Body dull light yellow, strongly marked with numerous 
dark brown, nearly tuberculate spots; its form, including thorax, robust, less than 
twice as lon^ as wide, somewhat depressed, armed with long prominent lateral spines, 
14 on each side as follows: 4 thoracic, first pair directed forward and upward above 
head, second pair at acute angles and semierect and two pairs at right angles; 8 abdom- 
inal spines, slightly curving upward at apex, 2 anal spines erect: Each spine wide at 
base and light colored in basal half with strong lateral spines, apical half acuminate, 
black. Dorsum of abdominal segments each with two rows of transversely rounded 
oblong tubercles, those of first three segments largest, size diminishing posteriorly. 
Anal segment with well defined dark brown plate about twice as long as wide, ter- 
minating in a long proleg rounded at apex. The feci-fork is usually held slanting back 
from the body and rarely vertical or over it. 

Lower surface with a median row of 5 small, rounded, longitudinal brown spots on 
segments 2 to 6, 6 to last with transverse dark-brown marks, growing stronger to last 
segment, posterior third more or less marked with dark brown. Legs long and stout, 
dark brown, blackish when folded. 

Length of full-grown larva without feci-fork 7 millimeters (about li inch), width 
4.5 millimeters. 



Rig. 3. — Eggs of the argus tortoi.'se beetle: a. Mass of eggs, attached to leaf; b, c, individual eggs before and 

after hatching. 

PUPA 

The pupa (fig. i,c,d; PI. i, A, c) is pale yellow, marked with dark brown, becoming 
nearly black toward the time of transformation to adult. The surface is nearly covered 
with a pale bluish bloom or waxy secretion resembling a mold, a peculiar covering not 
often seen in any other group of beetles. The ventral surface is somewhat flattened 
and the dorsal surface is convex. The thorax projects strongly at each side, being a 
little wider than the widest abdominal segment. It is armed apically with two short 
spinous processes in the proximal third. The antennal sheaths and legs are robust, 
the posterior pair being about as long as the elytral sheaths. The body is armed on 
each side with five long and strong black-tipped spines similar to those of the larva, the 
first pair situated about the middle of the body. The first two pairs are subequal in 
length and the remaining pairs decrease in length posteriorly. There are also two 
pairs of short unicolorous spines toward the apex. The cast skin of the larva with its 
spines is rolled up in a mass at the posterior extremity. 

Length 8 millimeters, width 4.5 millimeters. 

DISTRIBUTION 

The Argus tortoise beetle is a native species inhabiting a large portion 
of the United States. It also occurs in Canada. The species does not 
appear to be recorded from Mexico, but several related species occur 
there. The known distribution, including what at present are con- 
sidered varieties, is shovm in Figure 3. 
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NOTES ON HABITS AND DEVETOPMENT 

From larvae collected at Arlitigton, Va., June 20, 1919, and later, 
the first adults began to emerge June 29, continuing to emerge until 
July 3, In outdoor rearing cages emergence was from September 10 
to the first week of October. Adults observed on sweet potato all 
developed within 7 to 10 days of each other. Individuals collected by 
Miss Marion T. Van Horn on wild bindweed {Convohulus sp.) that grew 
in-, a shady location in the District of Columbia were, evidently as a. 
result of not being exposed to direct sunlight, over two weeks late in 
development, while larvae one-third to two-thirds grown were observed 
after the Arlington material, which was almost constantly exposed to 
sunlight, had all transformed to pupse. 

In 1919, 50 reared beetles were under observation during July. Of 
this number 20 were placed on growing sweet potato plants and covered 



with a large cloth-covered rearing cage, but they did not thrive, some 
individuals dying, and no eggs could be found up to the end of the 
month, although in a second lot kept in the insectaiy eggs were observed 
August 3. Finally the cage was removed and the beetles allowed to 
shift for themselves. September 2 an egg mass was found on the same 
plat where the beetles had been feeding. 

The experience of two years shows definitely that the second genera- 
tion is only a partial one, since only three egg masses of this generation 
were found and at intervals of a month, indicating that the majority of 
the beetles of the first new generation hibernate, in this respect agreeing 
with some other insects. 

Of the second generation, the eggs of which hatched during August, 
several pupse were formed a month later, showing a larval period of 
about three weeks in rather cool summer weather. 

In its apparently irregular development, Chelymorpha cassidea re- 
sembles to some extent the Colorado potato beetle. The overwintered 
beetles first occur some time in May — in 1920, May 17, in an exception- 
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ally cool spring. The first egg masses were obtained May 23, The 
first new generation develops during the last week of June and through- 
out July, with the temperature 60° to 100° F., averaging 

May 17, 1920, adults were collected on the western edge of the truck 
farm at Arlington, Va., and on the far side of a large sewer pipe which 
had undoubtedly attracted them, as it conserved considerable heat. 
Nearly all of these beetles were on the west side, morning-glory plants 
which were numerous on the east side harboring only one specimen. 
The beetles hibernated on the more protected side and mostly together, 
since all specimens were found in two small areas, representing colonies, 
quite close to each other. Additional evidence of the eminently gre- 
garious habit of this species was afforded the following morning by 
examination of the jar in which these beetles were placed overnight. 
At first glance it was thought that some had escaped, but close exami- 
nation showed that they were closely huddled togedber in the folds of the 
small leaves. 

Larvse obtained in late August transformed to pupae September i, 
and the adults emerged September 10, which gives 9 days for the pupal 
period during moderately cool weather, with the temperature ranging 
from 70^ to 82° F., and averaging 74° F. 

The first pupa was observed on June 23, The larval period is about 
three weeks in cool summer weather, and the pupal period for the same 
temperature is about nine days. The fact that the species has only an 
exceptional second generation in the District of Columbia tends to 
show that it is single-brooded in the North and fully double-brooded in 
the Southern States. 

The adults issue at any time during the day, and the coloring, begins 
at the head and legs, the dots on the prothorax appearing some time 
before those on the elytra. When first emerged the beetles are bright 
yellow, afterwards changing to a darker yellow and finally to yellowish 
red or dark brick red. For full coloring the insect requires at least two, 
and probably three days. 

The beetles cling most tenaciously to foliage or to objects in rearing 
cages, unless they drop down to ''play 'possum,” and evidently for that 
reason do not very often find their way into the collecting net, most 
individuals having been collected on their food plants and elsewhere, 
where attention was attracted to them because of their conspicuous 
coloring. 

The first eggs obtained during 1920 were laid during the last week of 
May, beginning May 22, and the first larvse were noticed June 10. Eggs 
that were laid June 4 and were isolated, hatched June 14, 10 days later. 
From this lot the larvse began to transform to pupse July 3 and the adults 
began issuing July 10. The pupse began to transform to beetles at the 
same date in different jars kept under different atmospheric conditions. 

The foregoing data furnish the following as an approximate average 
life cycle from egg to adult for the District of Columbia and vicinity: 

PERIODS OF THE STAGES OF CHEEYMORPHA CASSIDEA FAB. 


Egg period: Days. 

Jime I to June II. 10 

June 4 to June 14 - , 10 

barval period: June 14 to July 3 ... 19 

Pupal period: July 3 to July 10, September i to 10 7 ^<^9 


Total from egg to adult. • • 3^ 
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HISTORY AND LITERATURE 

The Argus tortoise beetle was described, under the name Coccinella 
cassidea, by Fabricius in 1775 p. 82). 

In 1869, A. S. Packard (lo, p. ^04) figured the pupa and adult, with the 
statement that he had found all stages on the leaves of ‘'silkweed’' in 
July and early in August, and that in one instance in Salem, Mass., it 
occurred in abundance on raspberry. 

In 1870, Riley (ii, p. 58; 12, p. 4) published a short note on the larva 
and adult, stating that it was found on Asclepias. 

In 1879, Harrington (a, p, 120) published a short note in which the 
species was reported as a new foe by market gardeners in Canada, where 
it occurred in immense numbers and destroyed plants and flowers. It 
was said to be first noticed on wild Convolvulus. 

In the early eighties the writer received from Ovid, N. Y., specimens 
of the larva of the Argus tortoise beetle on raspberry. 

The first record of the Bureau of Entomology is dated March ii, 1884, 
when specimens were received which were taken on the foliage of sweet 
potato at Touch Key, Fla. 

June 28, 1886, Dr, J. M. Shaffer, Keokuk, Iowa, reported numbers of 
larvae on sweet potato vines. 

In 1887, Lintner (< 5 *, p. 67 j) wrote of this insect under the title “Milk- 
weed beetle with bad habits.’' A correspondent in Chenango County, 
N. Y., stated that it was found on morning-glory, corn, cabbage, and 
plantain. In Doctor Lintner’s reply he mentions other alleged food 
plants, including milkweed, mustard, and plants of the rose family. 

In 1889, J. B. Wielandy reported the species on Convolvulus at 
Springer, N. Mex., on July 13, and on June 30 attack on sweet potato 
was reported at Slatonville, Ark., by D. D. Forman. 

In 1893, Webster {14, p. 204) treated this insect as occurring on rasp- 
berry and blackberry. 

In 1897, the writer published what appears to be the first account of 
attack by this species on sweet potato (2, p. 2j). In 1898, Webster and 
Mally (15, p. pp) mentioned its occurrence at Willard, Ohio, on straw- 
berry vines. In 1899 Lugger (9, p. 2^4) mentioned this insect as fre- 
quently being found on raspberry. In 1899, also, Sanderson (15, p. 140- 
142) gave a biological account of this species, with breeding records show- 
ing variability in the adults from the same mass of eggs. He also de- 
scribed the eggs, larvae, and pupae. 

July 31, 1901, specimens were received from J. P. Reynolds, North 
Haven, Me., taken on rose leaves. 

In 1905, Forbes (5, p. 192) included this species in a list of insects 
found on corn. 

July 8, 1906, specimens were received from Silver Creek, N. Y., found 
on timothy, evidently an accidental occurrence. The same comment 
applies to specimens found next year in a cornfield at Arlington, Va. 
July 19, 1907, larvae were reported by I. J. Condit attacking sweet potato 
at Benning, D, C., and in that year Fall and Cockerell (4, p^ 200) men- 
tioned its occurrence on Solanum in New Mexico. 

August 15, 1908, Otis Andrews, El Paso, Tex., reported injury to 
morning-glory and moonflower. July 22, 1909, a canning company at 
Cherry Creek, N. Y., sent specimens of pea vines on which were found 


* Reference is made by number (italic) to “literature citerl,*' p. 50-51. 
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many larvae and adults of this tortoise beetle. The vines were also well 
covered with pupae from which the adults were beginning to issue. 
July 28, Miss Julia D. Whiting, Deerfield, Mass., sent specimens found on 
morning-glory, including larvae with the nymphs of the pentatomid 
predacious enemy Apateticus bracteaius Fitch. The same year Fred- 
erick Knab (7, p. 1^2) wrote a short note on the nuptial colors of this 
species. 

July 15, 1910, report was received from F. H. Horsford that the pupa 
was found on the lower side of the leaves of Lilium henryi at Charlotte, 
Vt. 

July 13, X911, Fabian Garcia, Agricultural College, N. Mex., reported 
attack on sweet potato. July 2, 1913, F. B. Milliken collected this 
species "at Garden City, Kans., on bush morning-glory (Ipomoea lep- 
iophylld ) . 

In 1916, H. S. Barber (j, p. iig) included this species in a review of 
North American tortoise beetles, summing up briefly the habits of the 
species as published and furnishing a map showing its distribution. 

May 16, 1917, J. A. Hanchey, Allen Parish, La., reported attack on 
sweet potato, the plants looking as though fire had gone through them. 
This, however, was only in spots and did not extend through entire 
fields. 

During 1919 this insect, as previously stated, attracted much atten- 
tion. It was first noticed attacking sweet potato at Arlington, Va., when 
full grown larvae were observed. June 28, 1920, a farm hand at Arling- 
ton, Va., noticed it on sweet potato and expressed the usual apprehension 
of injury. 

July 21, 1922, Prof. H. F. Wilson, Madison, Wis., reported this species 
as being very common in Wisconsin and as creating considerable appre- 
hension. Later he wrote that reports of damage were obviously erroneous 
and that the insect was not in reality a pest in diat State. 

NATURAL ENEMIES 

t- The United States Bureau of Entomology has records of three natural 
enemies of this tortoise beetle; an egg parasite, a larval parasite, and a 
predacious bug. 

Emersonella niveipes Girault."* — ^From egg masses collected by Miss 
Van Horn in the District of Columbia June 28, 1919, Emersonella niveipes 
Gir., a minute chalcidoid, began emerging July 12, 1919. From eggs 
collected by the writer September 5, 13 of these parasites emerged from 
one egg mass consisting of 19 eggs, in each case issuing from a round hole 
on one side near the top of die egg. 

Masicera exilis Coquillett. — ^During July of 1907 several mature larvae 
were observed in the District of Columbia on sweet potato leaves, from 
which the tachinid fly Masicera exilis issued July 19 to 29. July 2, 1919, 
the same species was reared from a larva from Arlington, Va. 

Apateticus bracieatus Fitch. — ^July 26, 1909, Miss Julia D. Whiting, 
Deerfield, Mass., sent specimens of a large pentatomid bug, Apateticus 
bracieatus (fig. 4), which were observed attacking the larva of the Argus 
tortoise beetle in that vicinity. The nymphs transformed to adults 
August 4 to 7, 

* Determined by A. B. Gahan. 

73430—24 4 - 
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The Biological Survey has found the Argus tortoise beetle in the stom- 
achs of 14 species of birds, most often in those of the starling {Sturnus 
utilgaris) and kingbird (Tyranmis tyrannus). 

GENERAL SUMMARY 

The foliage of sweet potato, bindweed, and morning-glory is attacked by 
the adults and larvae of the Argus tortoise beetle (Chelymorpha cassidea ) . 
Reports of attack to plants other than Convolvulaceae are in the main, if 
not entirely, erroneous. 

The species has been studied in the District of Columbia. The eggs 
are deposited in clusters, varying from 16 to 28, on the lower surface of 
the leaves. They hatch in about 10 days into light yellow larvae, which 



ViG. bracteatui\ a predacious bug enemy of the Argus tortoise beetle. 

are gregarious and feed on the lower side of the foliage. In about tliree 
weeks they become mature and develop into similarly colored pupae, 
which in from 7 to 9 days give forth the beetle. The species is evidently 
single-brooded in the North, double-brooded southward, and in the Dis- 
trict of Columbia there is an exceptionally small second generation. 

The Argus tortoise beetle is seldom so abundant as to be very destruc- 
tive, plants readily recovering from its attack. The insect may be hand-^ 
picked in all stages and larvae and adults can be killed with arsenicals. 
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PLATE I 

Chelymorpha cassidea 

A. — Sweet-potato leaf showing (a) adult, (b) larva, and (c) pupa. 

B. — Half-grown larvae preparing to molt at tip of stem on which they have devoured 
the foliage. 








SEED-COLOR INHERITANCE IN CERTAIN GRAIN- 

SORGHUM CROSSES^ 


By John B. Sihgung^Jr, 

Assistant Agronomist^ Office of Cereal Investigations, Bureau of Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

Color of seed is one of the most evident varietal characters of the 
grain sorghums. Though it is not of major economic importance, yet 
it does influence the popularity of a variety. On the Kansas City and 
Wichita markets yellow milo is generally quoted at lo cents per loo 
pounds higher than white kafir. On ^e other hand, brown-seeded 
sorghums do not command as high a price or sell as readily as do the 
varieties with white, yellow, or red seeds. 

Naturally, color of seed has attracted the attention of the plant breeder 
working with sorghums as it has that of workers with most other cereal 
crops. Graham {2Y of India investigated the inheritance of seed color 
in natural and artificial sorghum crosses. The colors studied were red^ 
yellow, and white. Red was found to be dominant to yellow^ and white^ 
and yellow dominant to white. In a cross between a yellow- and a 
white-seeded sorghum, the heterozygote was red seeded, segregating in 
the F2 generation in a ratio of 9 red : 3 yellow : 4 white. Karper and 
Conner (6) and Sieglinger { 8 ) determined the amount of cross-polli- 
nation in milo by taking advantage of the fact that the seed of the of a 
cross between white and yellow milo is yellow. Vinall and Cron (p), 
in reporting the inheritance of certain sorghum characters, state that a 
close agreement to a 9:7 dihybrid ratio for brown and white seed was 
obtained in crosses between Blackhull kafir and feterita. This color 
inheritance was attributed to two factors — B, a factor for brown color, 
carried by the Blackhull kafir, and S, a spreader factor carried by the 
feterita. 

Conner and Karper (i), in a paper published after the original draft of 
this paper was written, reported on iiie inheritance of seed-coat color in 
the hybrids Dwarf Yellow X Dwarf White milo, Blackhull X Red kafir, 
and Blackhull X Pink kafir. They found the Pj in the milo cross to be 
indistinguishable in color from the yellow parent, the F2 segregating 
in the ratio of 3 yellow to i white. In the Blackhull kafir X Red kafir 
cross, the seeds borne by the F^ plants were pale red, intermediate in 
color between those of the parents. The Fg segregated in the ratio of i 
white, 2 pale red, and i red. The phenotypic classification of the material 
was substantiated by growing the Fg, practically all of the whites and 
reds remaining constant and the pale reds segregating. In the cress 
Blackhull kafir X Pink kafir the F^ was intermediate in seed color between 
the parents, the F3 segregating in the ratio of i white, 2 pale pink, and 
I pink. No hybrid vigor was noted in any of these three crosses between 
sorghum varieties, the parents apparently being similar in most respects 
except seed color. 


^ Accepted for publication November 19. 1923. 
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EXPERIMENTAL MATERIAL AND METHODS 

Several crosses between different varieties of grain sorghums were 
made by the writer at the Woodward Field Station, Woodward, OMa., 
in 1919 and 1920. Some of these have been grown through the F3 
generation, while the remainder have been carried through the F3 genera- 
tion. The crosses discussed in this paper are (i) feterita X Sunrise 
kafir and its .reciprocal, (2) Sunrise kafir X Blackhull kaoliang, (3) 
feterita X Red kafir, (4) Sunrise kafir X Red kafir, (5) White kafir X 
Red kafiir, and (6) White kafir X Sunrise kafir. 

SEED COEOR or PARENT VARIETIES 

Feterita kernels are chalky or starchy white in external appearance, 
but portions of the seeds frequently are stained a dark red. This dis- 
coloration is most apparent on that part of the kernel covered by the 
glumes. The kernels of the selection of Blackhull kaoliang used in this 
study have the same sublenticular shape and peculiar chalky white 
color as those of feterita. It was selected from the progeny of bulk seed 
of Barchet kaoliang obtained in 1915 at the Amarillo Cereal Field Station. 
From the shape and color of the seeds, it is believed to have arisen through 
natural crossing between this kaoliang and feterita. 

Sunrise kafir has the typical seed color of the white-seeded kafirs, 
creamy white with a more glossy surface than that of feterita and the 
Blackhull kaoliang hybrid. White kernels of kafir usually are marked 
with reddish black spots which occur most often at the point of attach- 
ment of the style. These spots vary in size and seem to be influenced 
to some extent by the environmental conditions that obtain during 
kernel development. 

Red kafiir kernels are dark brownish orange or brownish red with a 
smooth or glossy appearance. Frequently the color is not uniform over 
the kernel, due to bleaching where exposed to the weather. 

Kernels of feterita and Blackhull kaoliang possess a layer of compara- 
tively thick brown cells directly outside of the aleurone layer. This 
layer of cells is designated as the nucellar or hyalin layer, by Winton (10) , 
the seed coat (Samenschale) by Harz (5, p. 1249-1254), and hyalin layer 
(Hyalinschicte) by Mitlacher (7), and probably is analogous to the inner 
integument in Johnson grass as described by Harrington and Crocker (j). 
Whatever this layer occurring directly outside of the aleurone layer may 
be called, it consists of relatively large cells containing a dark brown 
pigment. In Sunrise and other white kafirs, and in Red kafir, this layer 
of dark brown cells is absent. Winton (ro) made a microscopic exami- 
nation of the seeds of 1 1 varieties of sorghum. Of these, a nucellar layer 
was found in three varieties of broomcom, Early Amber and Early 
Orange sorgos and Brown durra. The other varieties, White and Red 
kafir, White and Yellow milo, and WTiite durra, had no nucellar layer. 
Winton's studies and the writer’s examination of kernels of many sor- 
ghum varieties indicate that brown seed color is an indication of a brown 
nucellar layer. Feterita, Blackhull kaoliang, and Dwarf hegari have 
white seeds with a brown nucellar layer. A casual examination shows 
that these three white-seeded varieties which have a nucellar layer are 
dialky or starchy white in color, differing in this respect from many 
other white-seeded sorghums. 
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The writer is indebted to Dr. Carleton R. Ball for examining the seeds 
of several different introductions of white-seeded kaoliangs from China. 
He determines that two closely related varieties having black glumes and 
white seeds, namely, Barchet (C. I. 310, S. P. I. 22912) and Korean 
Blackhull (C. I. 412, S- P. I. 27553) both possess a brown nucellar layer 
like that of feterita. On the other hand, Brill Blackhull (C. I. 120," S. 
P. I. 17920), Mukden White (C. I. 190 and 272, S. P. L 18610 and 21077), 
and an unclassified white-seeded variety (C. I. 350, S. P. I. 29166) show 
no trace of a brown nucellar layer. He reports also that the seeds of 
the varieties having the brown layer are whiter and more chalky in appear- 
ance than those not showing it, thus resembling feterita seeds, while the 
others more nearly resemble kafiir seeds- 

BXPERIMENTAL RESULTS 

SUNRISE KAEIR X EETERITA AND THE RECIPROCAL CROSS 

Reciprocal crosses were made between Sunrise kafir and feterita in 
1919. A number of crossed seeds were obtained, all of which resembled 
the pistillate parent, there being no indication of xenia. Some of these 
seeds were sown in 1920, and several of the resulting Fj heads were 
selfed. The seed produced on the Fj plants was tan or light brown, 
with a brown nucellar layer similar to that of feterita. As neither of 
the parents had brown seeds, the production of brown seeds in the Fj 
was not expected. 


Table I . — Distribution of seed-color in the generation of the cross Sunrise kafir 

Y, feterita, and its reciprocal 


Designation. 

i 

i 

Year. 

Total 
i nnmber. 

i 

1 

Plants. 

Having seeds with — 

Brown nucellar layer 
present. 

Brown 

micellar 

layer 

absent, 

seeds 

white. 

Seeds 

brown. 

Seeds 

white. 

Sunrise kafir X feterita 

1921 

m 

1 ■ III i 

1 29 

39 

Do 

1921 

145 

8s : 

! 26 

34 

Feterita X Sunrise kafir ! 

1921 

193 

III 1 

i 33 

49 

Sunrise kafir X feterita 

1922 

156 

100 ! 

1 24 

32 

Feterita X Sunrise kafir 

1922 

172 

93 

i 31 

48 

Do 

1922 

174 

lOI 

i 34 

39 

Do 

1922 

163 

97 

1 ' 34 

32 

Total 


1,182 

698 

211 

273 

2 ! /I 

1 

664.9 

221.6 

295 . 5 

DeviatioTi ' 


33-1 

10.6 ' 

22. ;5 





Seeds from two of the F^ heads of Sunrise kafir X feterita and one 
head of the reciprocal cross were sown in head rows in 1921. Prelim- 
inary counts of the F2 heads in the plat showed clearly that the seed- 
color character was irAuenced by more than one factor. When mature, 
one head was harvested from each plant for a study of seed color. .The 
F3 heads of these crosses were readily placed in three groups according 
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to seed color — (i) brown or light brown, with a brown micellar layer ; (2) 
chalky or starchy white, with a brown nucellar layer, similar to the 
feterita parent; and (3) a'eamy white with no brown micellar layer, similar 
to the Sunrise kafir parent. To determine the presence or absence of the 
brown nucellar layer, a keimel was taken from each head and tlie outer 
coat scraped off with a knife. This method of determination proved 
to be accurate and satisfactory. 

Some of the crossed seeds obtained in 1919 were not sown until 1921, 
when several Fj heads were selfed. One head row of Fj plants of Sun- 
rise kafir X feterita and three head rows of the reciprocal cross were 
grown in 1922. This F2 material was similar to that obtained in the 
preceding year. Data on the distribution of seed color in the F3 of this 
cross and its reciprocal are shown in Table I. 

Using the method of Harris (4) for testing the goodness of fit of Men- 
delian ratios, = and />= .1476, or a variation of the size obtained 
might be expected once in seven cases, due to random sampling. It 
appears that the segregation of color factors in a Sunrise kafir X feterita 
cross was according to the dihybrid ratio of 9 : 3 : 4. To explain this in- 
heritance the following factors may be assumed : 

F, a factor for brown nucellar layer which also may cause brown in the 
epidermis if S is present. Its allelomorph b, gives kernels without a 
brown nucellar layer. 

S, a factor for smooth or glossy pericarp. When S is present the peri- 
carp is glossy and may be creamy white, as in white kafir, or may 
carry other colors. Its allelomorph s, gives a chalky white pericarp. 
Brown does not appear in the pericarp of an plant. 

The parents and Fj hybrids, so far as shown by the results of this 
cross, then would have the following factorial composition : 


Feterita BBss. 

Kafir bbSS. 

Fj hybrid BbSs. 


The Fi kernels having one B factor have a brown nucellar layer. As 
an 5 factor also is present, the brown color appears in the epidermis. 
The F2 results seem to substantiate this hypothesis. The results expected 
in the Fj generation, from an independent recombination of the two 
factors just designated, would produce three phenotypes classified as 
follows : 


Brown seeded, with 
brown nucellar layer. 

Chalky white seeded, 
with brown nucellar 
layer. 

Glossy white seeded, 
with no brown nucellar 
layer. 

I BBSS 

I BBSS 

I bbSS 

2 . BBSs 

2 Bbss 

2 bbSs 

a BbSS 

— 

I bbss 

4 BbSs 

3 

— 

— 


4 

9 




The data presented in Table I are in substantial agreement with the 
hypothesis here presented. The bbss seeds with a chalky white color, 
but with no brown nucellar layer, because of weather effects, are difficult 
to distinguish when this chalky white is not over a brown nucellar layer, 
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and were classified witli the glossy white phenotype with no nticellar 
layer. 

A number of selfed heads were obtained from the F2 rows of Sunrise 
kafir X feterita and its reciprocal grown in 1921. Seed from these and 
from several unbagged heads were sown in head rows in 1922 to determine 
the behavior of the material in the F3 generation.' Descriptions of the 
seed from the F2 heads and the phenotypic distribution of the Fg progenies 
grown from them in 1922 are shown in Table II. 

Tabi.]^ II. — Description of F2 seed heads of the cross. Sunrise kafir X feterita, atid its 
reciprocal, and distribution of the progenies obtained from these heads into seed-color 
classes in ig 22 



Distribution of Be 

progeny. 


Description of seed heads. 

j Brown nucellar 
' layer present. 

Brown 

nucellar 

layer 

absent, 

white 

seeds. 

Factorial 

composition. 


i Brown ! 
i seeds. 

Chalky 

white 

seeds. 


Sunrise kafir X feterita (row i in 1921): 

I. Not bagged, white, no nucellar layer. . . 

1 

0 

0 

40 

'bbss, 

■ bbSs, or 

2. Not bagged, brown, nucellar layer 

86 

27 

0 

ibbSS 

BBsS 

3. Selfed, brown, brown nucellar layer. . . 

57 

25 

22 

BbSs 

4. Do 

124 

0 

0 

BBSS 

5. Not bagged, white, bro’w^ nucellar layer 

0 

78 

23 

Bbss 

Sunrise kafir X feterita (row 2 in X921): 

I. Selfed, brown, brown nucellar layer. . . 

74 

0 

27 

BbSS 

2. Do 

113 

43 ’ 

48 

BbSs 

3- Do. 

82 

30 

40 

BbSs 

4, Not bagged, white, no nucellar layer. . . 

0 

0 

123 1 

[bbss, 
<bbSs, or 
IbbSS 
BbSs 

5. Selfed, brown, brown nucellar layer 

60 

23 ' 

34 

6. Do 

1 14 

0 

33 

BbSS 

7. Selfed, white, brown nucellar layer 

0 

148 

0 

BBSS 

Feterita X Sunrise kafir: 

I. Selfed, white, brown nucellar layer. . . . 

0 

90 

26 

Bbss 

2, Do 

0 

79 

20 

Bbss 

3 - Do 

0 

89 

1 0 

BBSS 

4. Selfed, white, no nucellar layer 

0 

0 

1 

j 

1 133 

fbbss, 

-! bbSs, or 
[hhSS 

BBSS 

5. Selfed, white, brown nucellar layer. . . .^ 

0 

94 

1 

0 

6. Selfed, brown, brown nucellar layer 

8s 

31 

0 

i 

BBSs ' 


The factorial constitution of most of the Fj heads used as seed can be 
determined definitely from the Fg results. This is given in the last 
column of Table II, on the basis of the two-factor hypothesis previously 
outlined, and will account for all observed types. These two factors, 
therefore, not only account for the surface color of the kernel, but also 
for the presence or absence of the very apparent brown nucellar layer. 

The ratios obtained in the Fg generation, while not exact, are as close 
to the expected as such small numbers of plants would require. Three 
possible factor combinations are suggested for the parent heads of the 
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three pure white Fg progenies. Any of the factor combinations indicated 
for these Fg heads would produce all white-seeded plants, without brown 
nucellar layer, in the Fg generation, and consequently the specific one 
can not be determined. 

SUNRISE KAFIR X BEACKHUEE KAOEIANG 

A cross was made in 1919 between Sumdse kafir and Blackhull kaoliang, 
using Sunrise kafir as the pistillate parent. Reciprocal crosses were 
attempted, but the Blackhull kaoliang spikelets seemed to be very sus- 
ceptible to mutilation and the emasculated flowers dried without pro- 
ducing seed. Part of the crossed seeds were sown in 1920 and the 
remainder in 1921. 

The F^ kernels of the Sunrise kafir X Blackhull kaoliang cross were of 
a tan or brorvm surface color. A brown nucellar layer also was present. 
The similarity in appearance of feterita and Blackhull kaoliang kernels 
and the similarity in the color of the seeds of Fi crosses between these 
varieties and Sunrise kafir indicate that the same or very similar color 
factors are present in feterita and Blackhull kaoliang. As previously 
stated, the strain of kaoliang used probably is a selection from a natural 
hybrid between Barchet kaoliang and feterita. 

Seed from two selfed heads of the F^ generation grown in 1920 were 
sown in head rows in 1921, and two similar head rows were grown in 
1922 from Fj plants selfed in 1921. The data on seed color obtained 
from the Fg progenies in 1921 and 1922 are presented in Table III. 


Table III . — Distribution of seed color in the F2 generation of the cross Sunrise kafir X 
Blackhull kaoliang t grown in IQ21 and ig22 


Row number. 

Y ear. 

Total 

number. 

Plants. 

With seeds havi 

Brown nucellar 
layer present. 

ag— 

Brown 

nucellar 

layer 

absent, 

seeds 

white, 

Seeds 

brown. 

Seeds 

white. 


1921 

224 1 

132 

44 

48 


1921 

226 : 

132 

47 

47 


1922 

227 

133 

46 

48 


1922 

, 250 

^59 

43 

48 

Total 


02 7 


180 

IQI 

Calculated (9 .*3:4 ratio) ; 



521 

174 

Ay j. 

232 

DeTiation 


^ 1 

35 i 

i 

6 

41 


: 



X3=9.8o3. P~.oo76, i in 13 1, or 0.76 per cent. 


The results indicate that the segregation of seed-color factors in the 
Sunrise kafir X Blackhull kaoliang cross is similar to that in the crosses 
between Sunrise kafir and feterita. While the data in Table III diverge 
somewhat widely from the calculated ratios, yet in view of similar data 
from other crosses the agreement is close enough to confirm the two- 
factor hypothesis. 
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Seed of four selfed heads was sown in head rows in 1922 and the data 
shown in Table IV were secured, 

Tabi.B 1 Y .■^—DescripHon of F2 seed heads of the cross Stmrise kafir X BlackJmll kaoliang 
and distribution of the Fg progenies of these heads into seed-color classes in ig22 


1 

Plants with seeds having — 


Description of Fa seed heads. 

Brown nucellar 
layer present. 

Brown 

nucellar 

layer 

Factorial 

compo- 

sition. 


Seeds 

brown. 

Seeds 

white. 

absent, 

seeds 

white. 

Selfed j brown, brown nucellar layer 

124 

XO3 

0 

43 

3 S 

64 

148 

51 

46 

II 

47 

1 BbSs 

i BbSs 

j Bbss 

1 Bbss 

Do 

Selfed, white, brown nucellar layer 

Do 

0 


j 


The distribution of progeny from all four rows of F2 material in 192 1 and 
1922 differed considerably from the calculated 9:3:4 ratio, there being a 
surplus of brown-seeded plants with brown nucellar layer and a deficiency 
of white-seeded plants without brown nucellar layer. However, rows 
I and 2 of the Fg generation closely approach a perfect 9:3:4 distribu- 
tion, the actual distribution of 402 plants being 227:78:97, as compared 
with a calculated distribution of 226:75:101. 

From the data reported here on F^, Fg, and Fg material of crosses between 
Sunrise kafir and feterita and between Sunrise kafir and Blackhull 
kaoliang, it appears that the seed color of feterita and Blackhull kaoliang 
is due to the presence of two color factors designated as BB and ss, while 
the seed color of Sunrise kafir is due to two color factors designated as 
bb and 

F]SXE)RITA X KAFIR 

In view of the unexpected occurrence of brown color in crosses having 
feterita or Blackhull kaoliang as a parent, some data on a cross between 
feterita and Red kafir are presented to further substantiate the hypothe- 
sis that feterita carries a factor which produces a brown color. 

A cross was made in 1920 between feterita and Red kafir, feterita being 
the pistillate parent. The kernels in the F^ heads produced in 1921 ere 
brown, though the intensity of the brown varied, depending on the ex- 
tent of weadiering. On that part of the seed covered by the glumes 
there was quite a tinge of red color. 

Seed from four selfed Fj heads was sown in head rows in 1922. One 
head from each Fg plant was harvested and taken to the laboratory, 
where color of seed was recorded. Many variations and tints of color 
were present in the Fg material and it was necessary to make rather 
broad classes to obtain accuracy. The classes used were as follows: 

Brown seeds, with brown nucellar layer. 

White seeds, with brown nucellar layer. 

Red and pink seeds, with no brown nucellar layer. 

White seeds, with no brown nucellar layer. 
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All the F3 heads could be placed in one of the above color classes with 
a fair degree of accuracy. The results of this classification of the Fg 
progenies of the feterita X Red kafir cross are shown in Table V. 

TablB V . — Distribution of seed color in the generation of the cross feteritay^Red kafir, 

grown in ig22 





Plants. 






Having seeds with — 


Row number. 

1 Total I 
I number. 

1 Brown nucellar layer 
present. 

Brown nucellar layer 
absent. 



Seeds, 

brown. 

Seeds, 

white. 

Seeds, red 
or pink. 

Seeds, 

white. 


165 

1 14 

7 

33 

II 


138 

103 

7 I 

20 

8 

3 

174 

126 

9 

26 

13 

4 

I 2 I 

87 

6 

22 

6 

Total 

598 

430 

29 

lOI 

38 

Calculated (45:3:12:4 ratio) 

421 

28 

II 2 

37 


X®=i. 33 S- P =0.72468. 


A study of the color distribution in the F2 generation of the cross 
between feterita and Red kafir indicates that the two color factors 
involved in the cross between feterita and White kafir are concerned, 
and that in addition a third color factor for red, introduced by the Red 
kafir parent, must also be considered. The color factors in feterita 
which are concerned in this cross may be designated as BBssrr, while 
those of Red kafir may be designated as bbSSRRy R being the factor 
for red color, as present in Red kafir, and r its recessive allelomorph for 
absence of the red color. The cross then would be BbSsRr. The 
probable effect on seed color of the B, 6, and F, .y factors was stated in 
the discussion of the previous crosses and tlie Ry r, factors will be con- 
sidered more fully later. A study of the feterita X Red kafibr cross 
indicates that when the factor for brown nucellar layer is present with 
the factor for red, Ry the color of the kernel is brown rather than red, 
and the phenotype then is brown. 

On the basis of three color factors in 64 individuals of the F2 generation 
there should be 45 plants with brown seeds with brown nucellar layer, 
3 plants with white seeds with brown nucellar layer, 12 plants with red 
or light red seeds and no brown nucellar layer, and 4 plants with white 
seeds without brown nucellar layer. It must be assumed that the 
presence of either the S or the R factor will cause the brown color to 
appear in the epidermis of the seed. The actual color distribution 
obtained in the four F3 rows, as compared with the theoretical results, 
is shown in Table V. A deviation of this magnitude might be expected 
to occur once in 1.38 cases as the result of random sampling. 

The fit of the observed to calculated distribution of the color pheno- 
types is very close, in fact much better than usually would be expected, 
considering the relatively small number of individuals, 598. The con- 
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elusion seems justified that in the feterita X Red kafir cross there ate 
three factors influencing the color of seed, and that the three color factors 
are independently inherited, i. e., there is no e\ddence of linkage. 

The possible combinations of three factor pairs, Bb, Ss, Rr, in the 
generation are grouped under four phenotypes, as follows : 


Brown surface, 
brown nucellar 
layer present. 

White surface, 
brown nucellar 
layer present. 

Red or pink surface, 
brown nucellar 
layer absent. 

White surface, 
brown nucellar 
layer absent. 

1 BBSSRR 

2 BbSSRR 

1 BBssrr 

2 Bbssrr 

1 bbSSRR 

2 bbSSRr 

1 bbSSrr 

2 bbSsrr 

2 BBSSRr 

3 

2 bbSsRR 

I bbssrr 

4 BbSSRr 

2 BBSsRR 

4 BbSsRR 

1 BBSSrr 

2 BbSSrr 

4 BBSsRr 

8 BbSsRr 

2 BBSsrr 

4 BbSsrr 

1 BBssRR« 

2 BbssRR « 

2 BBssRr« 

4 BbssRr 0 - 

i 

1 

! 

! 

4 bbSsRr 

1 bbssRR 

2 bbssRr 

12 ' 

1 

t 

4 

1 






Under the climatic couditious occurring in 1922, there was no evidence of a phenotype similar to feterita 
but carrying red in the pericarp. It was concluded, therefore, that an R factor with a B factor in the presence 
of ss gave a seed which was classified with the phenotype having brown surface color and brown nneeUar 
layer. However, in 1923, the Fs material from the same source as in 1922 showed a number of plants whose 
seeds possessed a brown nucellar layer and had a white outer color marked with red. These doubtless are 
individuals having the factorial constitution of BBssRR, BbssRR, BBssRr, or BbssRr. 

SUNRISF KAFIR XRl^D KAFIR 

In the discussion of the crosses previously described, in which feterita 
or Blackhull kaoliang was one parent and Sunrise or Red kafir the other 
parent, it was shown that brown seeds were obtained in the Fj generation 
and in more than half of the variates in the F3 generation. 

The cross Sunrise kafir X Red kafir was made in 1920. A few 
crossed seeds were sown in 1921, from which two selfed Fi heads were 
obtained. The seed from these was sown in head rows in 1922, and 
the segregation for seed color in the F^ generation of this cross is shown 
in Table VI. 


TABbF VI . — Distribution of seed-color in ike generation of ike cross S-unrise 
kafiryc^Red kafir, grown in ig 22 


Row number. 

Total 
number of 
plants. 

Plants with 
. red and 
tinted seed. 

Plants 
with white 
seed. 


144 

Ill 

33 

42 


lOl ' 

Total.;... 1 

1 

■287 .j 

212 

75 

Expected (3 dratio) ■ . . . I 


215 i 

72 


Deviation, =0.606. 

>' P, E. 



62 


Journal of Agricultural Research voLxxra,\ ^ 


The results shown in Table VI indicate that Sunrise kafir and Red 
kafir differ by a single main factor for seed color. The factors influencing 
color in the Sunrise X Red kafir cross may be designated as rr for^ Sun- 
rise kafir and RR for Red kafir. The seed color of the cross is due to 
the combination Rr in the and the segregation of the Rr factor pair 
in the Fg generation in the monohybrid ratio of 3:1. While it seldom is 
advisable to formulate a factorial hypothesis on the behavior of only 
287 F2 individuals, in this instance it seems safe to do so, as the data 
on other crosses, White kafir X Red kafir and White kafir X Sunrise 
kafir, reported in this paper, bear out this theory. Sunrise kafir and 
White kafir have a similar seed color and the color results obtained in 
White kafir crosses should be the same as those in which Sunrise kafir 
is used. 

WHIT:^ kafir XRliSD KAFIR 

A cross was made in 1919 between White kafir and Red kafir, the 
White kafir being the pistillate parent. Two F2 were produced 
in 1921 from seed of selfed F^ heads. The segregation of seed-color in 
the plants in these two head rows is shown in Table VII. 

Table VII . — Distribution of seed color in the generation of the cross White 
kafir\Red kafir t grown in ig2i 


Row number. 

1 1 

Total 
number of 
plants. 

Plants 
with red 
seeds. 

Plants 
with white 
seeds. 

I * 

202 

198 

ISO 

S3 

47 


Total 

400 

300 

99 

100 

Expected (3: i ratio) 




Deviation, 1^5.84. = 0.171. 

P. E. 


Six selfed heads from each of the two F2 rows of this cross were used 
for sowing head rows in 1922. These 12 heads were selected for other 
characters than color of seed, the selection not being random, but seed 
color was recorded both for the parent heads and the Fg progenies. 
The data obtained in the Fg generation are shown in Table VIII. 

Six of the F3 heads were classed as red and produced nothing but red- 
seeded progenies, with a total of 659 individuals. The three white-seeded 
Fa heads produced a total of 364 white-seeded individuals. The three 
parent heads classified as light red obviously were the het^rozygotes, pro- 
ducing red- and white-seeded plants in a ratio fairly close to 3:1. As 
noted, the parent heads were not random selections, so that the fact that 
the progenies did not occur in a 1:2:1 ratio of dominants, heterozygotes, 
and recessives is immaterial. Especially is this true in view of hie fact 
that the heterozygotes can be determined by their intermediacy. 
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TABre VIII . — Distribution of seed-color in the F3 generation of the cross White kafirX 

Red kafir in xg22 

Designation. 

Total 
number of 

Xtimber of plants with — 


plants. 

Red seeds. 

White seeds. 

Fa heads, red seeds: 

I~2 





i-t; 

TT '7 



2—1 

i A / 

07 

JL J. / 

97 

107 


2-2 

y t 
107 


2—-^. . 




2-5 

lU 

114 

Q 

Total, 6 progenies 

Fg heads, white seeds: 

x -3 

1- 6 

2- 4 

659 

3:35 

1 14 

1 ^^5 

6 S 9 

0 

0 

0 

0 

^35 
1 14 

Total, 3 progenies 

Fg heads, light red seeds: 

i~i 

364 

II 7 - 

0 

i 

81; 

364 

'?2 

1 - 4 I 

2- 6 

i 

no 

no 

1 

i 81 

i 81 

29 

29 

Total, 3 progenies 

Expected (3:1 ratio) 

1 337 

1 

247 1 

253 

90 

84 


Deviation, 6±5.36. =1.119* 

WHITE KAFIR X SUNRISE KAFIR 

A cross was made between White kafir and Sunrise kafir in 1919. The 
Fj, F2, and F3 plants grown from this cross produced kernels typical of 
white kafir in color, indicating that the genetic factors governing color of 
seed in these two varieties were the same. 

SUMMARY 

The seeds of feterita and Blackhull kaoliang are a chalky opaque 
white. These varieties also have a well developed brown nucellar layer 
lying directly outside of the aleurone layer. 

Seeds of Sunrise kafir are creamy white, with a smooth or glossy 
pericarp. No brown nucellar layer is present in the kernels of this variety. 

Crosses between feterita or Blackhull kaoliang and Sunrise kafir 
produce F^ plants with light brown seeds with brown nucellar layer. 

In the F^ generation of these crosses segregation occurs, the seed color 
of the three phenotypes being (a) brown seeds with brown nucellar layer, 
(b) white seeds wili brown nucellar layer, and (c) white seeds with no 
brown nucellar layer. The ratio of these classes is approximately 9 :3 :4. 

Results obtain^ in the Fg generation confirm the two-factor hypoth- 
esis of color inheritance in these crosses. 

Red kafir, seed is of a dark red color, with no brown nucellar layer. , A 
cross b€rf:ween feterita and Red kafir produces a reddish-brown kernel 
with brown nucellar layer in the F^ generation. 
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In the F2 generation of the feterita X Red kafir cross, four phenotypes 
are obtained, these being (a) brown with brown nucellar layer, (b) white 
with brown nucellus, (c) red and pink with no brown nucellus, and (d) 
white with no brown nucellus. The approximate ratio of these pheno- 
types is 45:3:12:4, indicating that three main factors influence the' 
inheritance of seed color in this cross. 

In the crosses Sunrise kafir X Red kafir and White kafir X Red kafir, • 
segregation in the Pg generation occurs in a simple monohybrid ratio of 
three red-seeded plants to one white-seeded plant. 

Crosses betw^een White kafir and Sunrise kafir show that the seed- 
color of these two varieties is genetically identical. 

The factors concerned in the inheritance of seed color in these sorghum 
crosses are B, a factor for brown nucellar layer, which produces brown 
color in the epidermis in the presence of S; 6, its allelomorph, giving no 
brown nucellar layer when homozygous; S, a factor which will cause the 
development of color in the epidermis of the seed; s, its allelomorph, which, 
when present in the homozygous condition, will prevent the develop- 
ment of the brown color in the epidermis, R, a factor for dark red, which, 
when present, causes the development of red color in the epidermis; 
and r, its allelomorph, absence of red color. 

The factorial constitution of feterita and BlackhuH kaoliang with 
respect to seed color is BBssrr, of Sunrise and White kafir, bbSSrr, 
and of Red kafir, bbSSRR, 
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THE EUROPEAN CORN BORER, PYRAUSTA NUBILALIS 
HBN,, VERSUS THE CORN EARWORM, HEUIOTHIS 
obsoeeta, fab/ , 

By Gieo. W. Barber 

Scientific Assistant, Cereal and Forage Insect Investigations, Bureau of Entomology ^ 
United States Department of Agriculture 

The spread of the European com borer, Pyrausia nubilalis Hbn., in tlie 
northeastern portion of the United States, during the last few years, creates 
interest in what will happen when this insect reaches the sections of the 
country where the com earworm, Heliothis ohsoleta Fab., seriously 
damages the com crop. In the area infested by the European com borer 
at present the com earworm is present annually, but usually in small 
numbers, and seldom does serious injury to the com. 

In the late summer and fall of 1921 the com earworm was abundant 
in late sweetcorn and in field com in eastern Massachusetts. This was 
probably due to the occurrence of a second brood of the insect, which 
apparently was made possible either by the rather mild preceding winter 
or by the abnormally long gi'owing season of that year. The infestation 
in some fields ran as high as 90 per cent of the ears, and injury was very 
apparent over a considerable area. 

In the same season the European com borer was also destructive in 
certain fields infested by the com earworm, forecasting the condition 
which one might expect to find in the southern portion of the Com Belt 
should the European corn borer ever reach that section. 

Larvse of both species were commonly found feeding in and on the 
same ears of com, frequently their burrows uniting and adjoining, while 
the larvse were in close proximity, each apparently too much occupied 
with the feast to be mindful of its neighbor. 

. Although not present in such large numbers, the larvse of tiie com 
earworm were able by the time they completed feeding to inflict more- 
actual grain loss tlian the larvae of the European com borer, because of their 
greater feeding capacity and because their work was, for the most part,; 
concentrated on the kernels, whereas the European corn borer larvse - 
feed throughout all parts of the ear and stalk, thus having a much wider' 
range of activity. The feeding of the European corn borer larvae, how- 
ever, results frequently in more injury than is apparent in actual destruc- 
tion of the grain, by injuring the stalk and particularly the peduncle of : 
the ear. This often results in a reduction of the number of kernels 
forming on the ear. In 1921 many of the ears showed undeveloped 
kernels, particularly at the tips, which was undoubtedly due, at least in ' 
part, to the injury to other parts of the plants by the European com borer. • 
A fi.eld of about an acre of Longfellow flint com was used to obtain the 
information contained in this paper. The ears studied were selected at 
random and showed the average condition of the ears of the whole field. 
Ears shown in Plate i are average ears selected to show different types ; 
of injury rather than a maximum amount of damage. 

When the counts shown in Table I were made (October 14, 1921) the 
com earworm larvae, in nearly all cases, were feeding in the ears. By 
October 20, 1921, when Table II was prepared, many of the larvae of 

1 Accepted for publication Nov. 19, 1923. 
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the com earworm had deserted the ears to pupate. The injury, it will 
be observed, had increased considerably by 'the second date. On October 
31, 1921, practically all of the larvae of this species had left the ears, and 
those that remained were nearly ail dead as a result of heavy frosts. 
The larvae of the European corn borer, on the other hand, had continued 
feeding during this time, so that the damage thaT might be credited to 
this species was, by tlie last date, probably as great or greater than that 
done by the corn earworm. An actual count, like tliat of Table II, was 
not practicable, however, since it w’as not then possible to recognize the 
injury occasioned by each species. 

Tables I and II show in what parts of the the larvae of the two 
species were found and tlie damage that they had occasioned. For this 
purpose the ear has been divided into husk, peduncle, silk, cob, and grain. 
For the purpose of recording more accurately the exact region of injury 
to the grain with relation to the ear, the latter has been further divided 
into tip, middle, and butt; the ‘ Tip ” being the upper third, the middle’' 
the middle third, and the “butt’' the lower third of the ear. 

TabIvE I . — Infestation of field corn by the corn earworm, Heliothis ohsoleta Fab., and 
the European corn borer, Pyrausta nubilalis Hbn,, at Arlington, Mass., October 14,- 
1021 

f 100 ears of Longfellow flint field corn] 
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TablS I . — Infestation of field corn by the corn earworm, Heliothis ohsoleta Fab., and 
the European corn borer, Pyrausta nubilalis Hbn., at Arlington, Mass., October 14.. 
j-^Cont inue d 


Number and location of larvae found. i ^ \ e 

: Part of ear iniestcd | g -c 

Corn ear'v^)rm. ' European com borer. | injured. ! g ^ 


Ear No. 

Husk. 

Silk. 

d 

p; 

15 

t 3 

S. 


dJ 

73 

fl 

3 

tJ 

3 

w 

Silk. 

§ 

d 

fl 

ji 

*3 

3 

P 5 

Peduncle. 

Husk. 


0 

0 

'S 

C 

Total grains 

V? 

.5 

c 










I 







. 


284 

16 











.... 



+ 

+ 





-6 

.... 













4- 










.... 




7 





+ 


4 - 

4 - 



48 









I 

X 

I 


0 

4 - 

4. 

4 - 

4. 

320 

25 














+ 

4 - 



4 - 



SO 

— 

2 




I 

1 




I 


4. 

4 - 

4 * 

I 

4. 

320 















4 * 

4 _ 

4 - 


^ A A 














'■••i I 

4- 

4- 

4- 

4 - 
















4- 

4 - 

4 - 

4 - 

-f 

280 

20 







1 







4- 

4- 

4- 

4 - 

4 - 







3 







I 

4- 

4- 

4 - 




«;6 

X 

I 

I 




■I 






4- 

4 - 

4 ' 


4. 

368 















4- 


4 - 

'}' 

.336 

16 

'^8 









I 



• ^ 

4 “ 

4 ' 













7 


4 - 


4- 

















4- 

-i- 

4- 

4- 

360 

15 
















4 - 


4 - 










... 



















. . . . 





4- 

• 4 - 


4- 

28S 


O3 












0 


-i- 







I 










4- 

4° 


4- 

4- 

256 











I 




J- 

4- 



4. 

ig 

66 













4- 

+ 





67 












4 - 


4- 

0 




68 



I 

— 


X 






4 - 

4- 



4 - 

256 

"a 

69. 



I 






I 





4- 

4- 

i- 

4 - ' 

II 

70 



I 

I]!!! 


I 





; t 


4. 

4 “ 


4- 


23 

yi 




i ^ 












4 

+ ^ 


54 

72. 



I 



I 

• - , • 






4 - 

+ 

4 _ 

* 4 *' 


35 

73 , 



I 

j 77 


I 

I 




I X 

. . . . ■ 4 - 

4 _ 

+ 

-i- 

i 4- 


54 

74 



3 

1 . . . . 


X 





I ■ 

‘ 4 - 

4 - 

4- 

-i- 

1 4- ; 


9s 

75. . 


I 

I 



2 




. . . . 




4- 

4- 

! 4 - 

1 256 

a 

76 




1 . . . . 


1 



I 

J 

' ^ ' 

: 

! T 

4 - 

4- 

i 4 “ 

1 328 
! 240 

44 

37 

77 



I 

j — 


2 

I 

I 



; -f 

4 - 

4.. 

0 

i 4 - 

78 


2 

I 





I 




4 - 

4.. 


4 - 

1 208 

! 26 

79 



1 




1 


„ 





4 - 

4- 

4 - 

i + 

! 120 

62' 

80 



2 



1 

I 




1 3 


4- 

4 - 

4 - 

0 

1 4 - 

1 2^6 

43 

8i. 


3 

I 



I 

I 




’ I 


4 - 

4 - 

4- 

4 " 

i 4 - 

! 256 

33 

82 



2 



2 i 

I 





4. 

.f. 

4, 


1 4 - 

272 

35 

83 



I 



2 1 

X 



i 2 



•f* 

4 ~ 

4 - 

' 4 - 

i 288 

7<5 

84 


I 

: I 











+ 

4. 

1 4 " 

\ 208 

48 

8s 


I 

1 " 


I 

r'l* 





4 - 

4 - ^ 

'4- 

4. 


’ 344 

IS 

86 



1 ^ ' 




. . • J - . . , 

X 




4 - i 

4 - 

0 

? 4- 

i 320 

0 

87 



i I ■ 

* 







4. 

-h 

4- 

4- 

! 4 - 

262 

SX 

88 





..... 


....| 1 

I 

■ 1 



+ 

4 - 

0 

4 _ 

! 172 

I .. 3:5 

89 


I 

j ' 2 : 









+ 

0 

4 - 

j 172 

i 47 

go 



I 




1 





! + : 

4- 

4 - 

0 

^ 280 

i © 

91 








I 



4 _ 

+ 

0 

4. 

f 256 

{ 12 

92 







r 





4- 

4. 

4- 

i 4 - 

; 272 

i ' JO 

93 



I 

.... 

i 1 





j I 


4 - 

4 - 

+ 

4- 

4 - 

' 224 

1 47 

94 



2 






1 


0 

4 - 

4 ~ 

' 0 

4 - 

i 2S6 

1 33 

95 



I 






1 2 



4 - 

+ 

4 - 

■f 

' 27a 

! ' 5 X 

96. 


!. . ! J 

3 

I 

— 




1 



4 - , 

+ 

4 " 

4 - 

320 

i loa 

97 


r 7; 

2 






j I 


4 - 

4. 

+ 

0 

4 - 

■ 288 

! 44 

98. . . . . 


' I ^ 

I . 

I 





s 



4 - 

4. 

4 " 

4 - 

i 280 

i 

99 


1 " 1 

I 






i ^ ' 



4 - 

+ 

0 . 

4. 

i 286 

1 54 

100. . k , 

77 


I 


.... I 






4- 

4- 

4 - 

0 

4 - 

■ ^73 

1 48. 


Per cent of ears infested: 

By dtber species per cent. . joo 

By both species .do. ... yi 

By ' European com borer ' do — BB 

By com earworm. do — 83 

Average number of com earworms per infested ear 2. 07 

Average number of European com borers per infested ear 93 

Total grain destroyed by both species . . . ' , per cent . 1:0. 5 

Per cent of.stalks mfest^'<2S stalks) ' — do . . , too 

Infestation per stalk: 

Greatest larvae.. as 

Least... do — ' 4 

Average ' do, ... 9. §2 

Greatest grain injury on any one ear X>er cent , . ' 3 1* ^ 



PLATE I 

Pyrausta nubilalis and Heliothis obsoleta 

A. — Ears of Longfellow flint field corn injured by larvae of Heliothis obsoleta. ^ 

B. — Ears of Longfellow flint field com injured by larvae of Pyrausta nubilalis. 

C. — Ears of Longfellow flint field com injured by larvae of Heliothis obsoleta and 
of Pyrausta nubilalis. 

(70) 
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ANCHORAGE AND EXTENT OF CORN ROOT SYSTEMS ^ 


By jAM^s R. Holb^rt, Agro7iomist, and Benjamin Koehler, Assistant Pathologist, 
Office of Cereal Investigations, Bureau of Plant Industry, United States Department 
of Agriculture^ 

INTRODUCTION 

Results from preliminary experiments indicate that there are funda- 
mental differences in the root systems of various inbred strains of corn. 
The object of the present paper is (i) to call attention to a plant-puiling 
machine which was designed for these studies and (2) to point out a 
fev7 significant differences in the root systems of the inbred strains that 
were included in the experiments. 

MATERIALS AND METHODS 


A plant-pulling machine (PI. i) was designed to measure the resist- 
ance of individual plants or hills of corn to a vertical pull. The essential 
features of this machine are a cross beam with three axes which divide 


the beam into two parts, so as to make a lever of the second class. 
Each axis consists of a knife edge turning in a clevis. The distal axis 
is attached to a spring balance which registers the pulling resistance to the 
Uenth of a pound. The clevis of the other end of the beam is supported 
”by a block and tackle, the rope being pulled by winding it on a 2-inch 
,,drum. Two thicknesses of strong cotton webbing such as are used for 
trunk straps were attached to the third clevis, and these were attached 
. to the base of the corn stalks by a suitable hitch. 

The inbred strains of corn, except where indicated otherwise in the 
f tables, had been self ed five and six years. The strain, designated as 
“good,'* not only possessed the ability to stand erect under adverse 
|weather conditions, but was exceptionally good in general vigor, chlo- 
' vophyll development, and resistance to fungus diseases, including root- 
i^bt and smut. The strain susceptible to rootrot was equally good in 


■general vigor, and the leaves were free from leaf spotting and other 
^lorophyil deficiencies, but plants of this strain lodged badly during 
, vdndstorms. At no time did the leaves of either of the above strains 
l&ow any tendency to wilt during early or mid-season periods. Leaves of 
«ie strain susceptible to leaf firing invariably wilted during any dry, 
ffiot period in July. Severe wilting of the leaves was followed by a dying 
M portions of those' leaves. 

The field data were secured from plats ha\dng a perfect stand of one 
%lant every 22 inches in rows 42 inches apart. The plants grown in the 


t^eenhouse were spaced 18 inches each way. 

^ The significance of differences in means was determined by Student's 
^Wthod,^ wherever that method could be applied. Differences with odds 
of 30:1, v/ere considered significant. 


f ^ Accepted for publication Nov. 19, 1923. 

® The investigations reported in this paper were conducted in cooperation with the Illinois Agricultural 
Experiment Station and Eunk Bros. Seed Co., of Bloomington, III. 

® Ths PROBABLE) UERGR OP A MEAN. In Biometiilca, V. <5, p. 1-25. 190S. (Signed by Student.) 



73431—24—1 



72 


Vol. XXVII, No. 2 


Journal of Agricultural Research 


EXPERIMENTAL DATA 
root anchorage studies 

The results presented in Table I were secured under very uniform 
conditions. Previous to planting the corn, the large soil pit in one of 
the greenhouses at the University of Illinois was refilled with new soil 
which had been tlioroughly mixed. Although plants of the strain sus- 
ceptible to rootrot had not been exposed to wind and storm and had 
equal opportunities to develop a strong root system, yet the mean pull 
of these plants was less than half that of plants of the good strain, 
i 3-8± i.i pounds compared with 29.8± i.8 pounds, respectively. Plants 
of the strain susceptible to leaf firing offered less than one-third the 
resistance to a vertical puli that was exhibited. by plants of the good 
strain, 9.1 ±0,9 pounds compared with 29. 8 ±1.8 pounds, respectively. 
There was no material difference in the height of plants of these three 
strains on the date when the plants were pulled. None of the roots 
showed any evidence of root rotting. Leaves of the strain susceptible 
to leaf firing apparently were normal in every respect. In view of such 
facts, the differences of 16.0 ±2.1 pounds and 20.7^2.0 pounds in root 
anchorage are very significant. The two first generation hybrids were 
somewhat more vigorous than tlie good inbred strain as measured by 
vegetative growth, but they were not superior in pulling resistance. 
These data suggest that the genetic factors responsible for the reduced 
root systems in the strains susceptible to rootrot and leaf firing, respect- 
ively, are recessive. Repeated field experiments not herein reported 
confirm this suggestion. 

The plants of a number of inbred strains were pulled after they had 
matured in field plats, but while the stalks were still green. The results 
given in Table II show that erect plants of the good strain were better 
anchored than erect plants of the strain susceptible to rootrot. The 
difference of 48.6 pounds, or 23.4 per cent, with odds of 132:1, is suffi- 
ciently large to be significant. 

Table I. — Data on the root anchorage of three unrelated self ed strains of Yellow Dent and 
three Fj crosses measured by their resistance to a 'vertical pull, the com being planted 
Mar. S, ig 22 , in the greenhouses of the University of Illinois and pulled May 6, ig22 


Character of inbred strains and crosses. 

Num- 
ber of 
plants 
pulled. 

Mean pulling 
resistance 
per plant. 

Difference in pulling 
resistance based on 
good strain. 

Difference 
F. E. 

Good. 

23 

22 

25 

26 
26 

Pounds. 

29.8±I.8 

I 3 . 8 il.I : 

9-i±o.9 

29.4±i.6 

28.3±i.6 

Pounds. 

Per cent. 


Susceptible to rootrot 

Susceptible to leaf firing 

Fi (Good X rootrot susceptible). 
Fi (Good X leaf firing susceptible)! 

i6.odb2. 1 
20. 7i:2.o 
. 4 ± 2.4 

I.S±2.4 

53-7 

69.5 

1.3 

5-0 

7.6 
10.3 
. 2 

•7 
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Tabi^B II . — Data on root anchorage of hventy-eigkt erect plants of a good inbred strain and 
a similar number of erect plants in an adjacent row of an inbred strain susceptible to 
rootroi, the corn being planted May jo, ig22, near Bloomington, 111., in brown silt 
loam soil, and root anchorage data taken September 26, ig22 


Character of strain. 

Number 
of plants 
pulled. 

Mean pulling 
resistance 
■ per plant. 

Difference in pulling 
resistance. 

Odds. 

Good 

28 

Pounds. 

208.0 

Pounds. 

Per cent. \ 


Susceptible to rootrot 

28 

• IS 9-4 

48.6 ! 

23-4 

132:1 


The relation of root anchorage to lodging is shown by data presented 
in Table III. As the mean pulling resistance of erect plants decreased, 



Fig. I. — Graphic representation of data in Table III, showing increase in force necessary to uproot com 
plants as the percentage of erect plants increased. 

the percentage of leaning plants increased. These data are presented 
graphically in figure i. 

Strains which have the ability to stand erect throughout the season 
may vary greatly in their resistance to a vertical pull, as shown by data 
presented in Table IV. The difference of 32.7 pounds, or 9 per cent, in 
pulling resistance between G-4-2 and G-4-3 is not significant in view of 
the small odds involved. The difference of 118,9 pounds, or 32.9 per centT 
however, between G-4— 2 and 0—4—4, with odds of 999:1, is very sig- 
nificant. 
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Table III . — Data on relation of anchorage to lodging in some closely related inbred strains 
of Yellow Dent corn, as measured by their resistance toavertical pull, the corn being planted 
May 22 j IQ22, near Bloomington, III., in brown silt loam soil, and plants pulled Sep- 
teynber 2^-28 


Pedigree num- 
ber. 

Num- 
ber of 
plants 
pulled. 

Jvlean 

plant 

height. 

Plants 
leaning 30“ 
or more. 

Mean pulling re- 
sistance per plant. 

Difference in mean imlUng resistance 
per plant based on 

Erect 

plants. 

Mean of 
both 
erect and 
leaning 
plants. 

Erect 

plants. 

Differ' 

ence/ 

P.E. 

Both 
erect and 
leaning 
plants. 

Dificr- 
cnce/ 
P. E. 

B-i-i-i~R-S. . 
B-i-r-i-R-io.j 
, .i 

, 

37 : 

401 

36 

39; 

Inches. 
82. 6±i. I 
g6. o±o. 8 
9 S. 4 ±i .3 
S 7 - 3 ± 0 . 7 
Sg. 6±i. 0 

ber. 

0 

1 

S 

14 

25 

Per 
cent. 
0. 0 

2. 5 
13-9 
3 S -9 
100. 0 

Potmds. 
240. o± 7. 1 
228. Oi;6. I 
i 8 'J. 9 ± 9.4 
155 - 3 ±10.0 

Pentnds. 
240. o± 7 * I 
224. 6i:6. 0 

173 . 0 ± 9*0 

I 44 - 3 ± 7 *S 
120 . 1±8. I 

Pomids. 


Pounds. 


12. odb 9- 4 
56. i±ii. s 
84. 7±i2. 2 

i 

r -3 
4. 7 
6. 9 

i 5 - 4 =fc 9.3 

67.0*11. s 
95 - 7 ±io .5 
ii 9 * 9 ±io#S 

1. 6 
5-8 
9*3 

II. I 


Table IV, — Data on root anchorage of 2y erect plants from each of three closely related 
inbred strains of Yellow Dent corn grown in contiguous roivs, the corn being planted 
May 22, ig22, near Bloomington, III., in brown silt loam soil, and root ayichorage 
data taken September 28 


Pedigree number. 

Num- 
ber of 
plants. 

Mean pulling 
resistance per 
plant. 

i Difference in mean i 
pulling resistance 
per plant based 
on G-4-2. 

Odds. 



Pounds. 

j Pounds. 

Per cent. 


(T-A— 2 

2s 

361 . 5 




^4-3 

as 

328.8 

! 32.7 

9.0 

5 : I 

O-4-4. . 

2$ 

242.6 

1 118.9 

32.9 

1 999 • I 


EXTENT OF ROOT SYSTEMS 

Root counts on plants grown under field conditions are given in 
Table V. Plants of the strain susceptible to rootrot and also of the 
strain susceptible to leaf firing had a significantly smaller number of 
main roots than plants of the good strain, 20.0 i i -6 roots and 15.4^0.7 
roots compared witli 33.0^0.8 roots, respectively (PI. 2). There was 
no real difference in mean plant height of the three strains. Such data 
not only throw considerable light on tlie root-anchorage data presented 
in Table I, but suggest a fundamental cause for the initial wilting of 
the leaves of the strain susceptible to leaf firing. In this strain there 
seemed to be an actual deficiency in the root system compared to the 
vegetative growth above ground. During periods of rather low soil 
moisture and high transpiration,, such a small root system could hardly 
be expected to supply the needs of the plant. Differences in the root 
systems of the good strain and the strain susceptible to leaf firing are 
illustrated in Plate 2. 

The results from root examinations made August 17-25 are given in 
Table VI. There was a great increase in growth in all parts of the plant 
during the period between July 18 and August 17-25. The great 
increase in number of roots is in accord with the findings of Weaver, 
Jean, and Grist.^ 


^Weaver., John E., Jean, Frank C., and Crist, John W. development and activities ot roots 
OP CROP PLANTS, vi. It? p., 42 fig., 14 pL ’Washington, D. C. 1922. Bibliography, p. 116-117. (Carnegie 
Inst. Wash. Pub. 316.) 
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Xabi,B V. — Data from a comparative study of the root systems of three unrelated inbred 
strains of Yellow Dent corn planted June 2 j ig22, at Bloomington, III, in brown silt 
loam soil that previously had produced two crops of corn, and excavated July 18, igzz 


Character of inbred strains. 

Num- 
ber of 
plants 
exam- 
ined. 

Mean plant 
height. 

Mean num- 
ber main 
roots per 
plant. 

Difference in number of 
main roots per plant 
based on good strain. 

Differ- 

ence/P.B. 

Good 

4 

Inches. 

59 .o±i.i 

1 59 ‘ 3 ±i-o 

33.0±0.8 

20.odbi.6 

1 

Number. 

Per cent. 


Susceptible to rootrot. . 
Susceptible to leaf 

7 

I3.0±I.8 

39-4 

7.2 

firing 

9 

57 . 2 ± 2.4 

1 i 5 - 4 ±o .7 I 

i 


53-3 

16.0 


TabbB VI. — Data from a comparative study of three unrelated inbred strains of Yellow 
Dent corn planted June 2, ig22, at Bloomington, III., in brown silt loam soil that 
■ previously had produced two crops of corn, and excavated August 17-2 ^ 


Character of strain. 

Num- 
ber of 
plants 
exam- 
ined. 

Mean 

height. 

Mean 

cir- 

citm- 

fer- 

cnce. 

Mean 
num- 
ber of 
main 
roots. 

Mean 
per- 
cent- 
age of 
rotted 
roots 10 
inches, 
below 
surface. 

Mean number of 
lateral roots per 
plant on six 
6-inch pieces of 
main roots. 

Mean total length 
of all lateral roots 
per plant on six 
6-inch pieces of 
main roots. 

2-S 

inches 

below 

surface. 

10-16 

inches 

below 

surface. 

2-S 

inches 

below 

surface. 

I0“i6 

inches 

below 

surface. 



Inches. 

Inches. 





Inches. 

Inches. 

Good 

9 

99.0 

3*41 

58.5 

9-7 

39 T.O 

244.6 

714-1 

423.6 

Susceptible to rootrot . 

9 

109. 1 

3*45 

51.7 

96.7 

293.1 

96.0 

334*4 

103,5 

Susceptible to leaf 










firing 

9 

102.0 

3-40 

57-0 

4.0 

391-0 

160.2 

423.7 

208.9 

Difference between 










good strain and 










strain susceptible to 



1 







rootrot 

i 

10. I 


6.8 

87.0 

97-9 

168.6 

330-3 

320.1 

Percentage difference 






between good strain ; 

1 









and strain suscepti- 1 










ble to rootrot 


10.2 


II . 6 


25.0 

69.0 

43 - 1 : 

75.6 

Odds 


9,999:1 


59:1 


1,492:1 

: 348:1 

1,999:1 

4,544:1 

Difference between 



good strain and 










strain susceptible to 










leaf firing 







84.4 

351-0 

214.7 

Percentage difference 

! 






between good strain 










and strain suscepti- 










ble to leaf firing. . . . 







34. 5 

45-3 

50.6 

Odds ... 







344:1 

81:1 

1,350:1 






1 



Tlie difference of 6.8 in mean number of main roots between the good 
strain and the strain susceptible to rootrot, although not large, is rather 
significant in view of the odds of 59 to i. Plants of the strain susceptible 
to leaf firing showed a very large gain in number of main roots during 
the period between July 18 and August 25. The number of rotted roots 
in the strain susceptible to rootrot was very pronounced. There was 
little evidence of rootrot in the strain susceptible to leaf firing- 
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TablB III . — Bata on relation of anchorage to lodging in some closely related inbred strains 
of Y ellow Dent corn, as measured by their resistance to a vertical pull, the corn being planted 
May 22, ig22, near Bloomington, 111 ., in brown silt loam soil, and plants pulled Sep- 
tember 2J-2B 


Pedigree num- 
ber. 

Num- 
ber of 
x:)lants 
pulled. 

ZMean 

plant 

height. 

Plants 
leaning 30° 
or more. 

Mean pulling re- 
sistance per plant. 

Difference in mean pulling resistance 
per plant based on B-i-i-x-R-3. 

Erect 

plants. 

Mean of 
both 
erect and 
leaning 
plants. 

Erect 

plants. 


Both 
erect and 
leaning 
plants. 

Differ- 
ence/ 
P. E. 


37 

40 

36 

39 

2$ 

Inches. 

8?. 64; I, I 

96. 0 ± 0. 8 
95*4±i-3 
S 7 - 3 ± 0 . 7 
iSg. 6±i. 0 

ber. 

0 

1 

5 

14 

25 

Per 
cent. 
0. 0 

2.5 

13.9 

35-9 

100.0 

Pcnmds, 
240. odb 7* X 
228. o±6. ri 

183.9^9. 4! 
X55. 3 ±io. Oi 

1 1 

Potmds, 
'240. o± 7. 1 
224.6^:6.0 
i 73 *od: 9 . 0 
144- 3 ± 7 - S 

120. I ±8. I 

Pounds. 


Pounds. 


B-1-1-1-R-7.. 
B-i-i-i-R-S. . 
B-i-i-i-R-io. 

12. o± 9. 4 
56. 1 ±11. S 
84. 7±I2.2 

1 

1.3 
4- 7 
6.9 

15- 4± 9-3 
67-o±ii. 5 
95- 7±io. 3 
ti9-9±xo*S 

I. 6 

5-8 

9-3 

II. I 


Table IV. —Data on root anchorage of 25 erect plants fro7n each of three closely related 
inbred strains of Yellow Dent corn grown hi contiguous rows, the corji being planted 
May 22, ig22, near Bloomington, III., in brown silt loam soil, and root anchorage 
data taken September 28 


Pedigree number. 

Num- 
ber of 
plants. 

Mean pulling 
resistance per 
plant. 

Difference in mean 
pulling resistance 
per plant based 
on G-4- 2. 

Odds. 

G-4— 2 

25 i 
"5 1 

25 1 

] 

Po'unds. 

361-5 

328.8 

j 242.6 ' 

Pounds. 

Per cent. 

i 


I1S.9 



9.0 

32.9 

1 5:3: 

I 999 : I 

z! ^ 0 

\ji — 4“4 . . . 



EXTENT OF ROOT SYSTEMS 

Root counts on plants grown under field conditions are given in 
Table V. Plants of the strain susceptible to rootrot and also of the 
strain susceptible to leaf firing had a significantly smaller number of 
main roots than plants of the good strain, 20.0 ± 1.6 roots and 15.4 ±0.7 
roots compared with 33.0 ±0.8 roots, respectively (PL 2). There was 
no real difference in mean plant height of the three strains. Such data 
not only throw considerable light on the root-anchorage data presented 
ill Table I, but suggest a fundamental cause for the initial wilting of 
the leaves of the strain susceptible to leaf firing. In this strain there 
seemed to be an actual deficiency in the root system compared to the 
vegetative growth above ground. During periods of rather low soil 
moisture and high transpiration, such a small root system could hardly 
be expected to supply the needs of the plant. Differences in the root 
systems of the good strain and the strain susceptible to leaf firing are 
illustrated in Plate 2. ' ■ ,» 

The results from root examinations made August 17-25 are given in 
Table VI. There was a great increase in growth in all parts of the plant 
during the period between July 18 and August 17-25. The great 
increase in number of roots is in accord with the findings of Weaver, 
Jean, and Grist.^ 


4 Weaver, John Jean, Frank C., and Crist, John W. i>evei.9PMEnt and activities oe roots 
OF CROP PI.ANTS. vi, 117 p., 43 fig.. X4 pi. Washington, D. C. 192a. Bibliography, p. 116-117. (Carnegie 
Inst. Wash. Pub. 316.) 
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Tabi^B V . — Data from a comparative study of the root systems of three unrelated inbred 
strains of Yellow Dent corn planted June 2, ig22, at Bloomington, III., in brown silt 
loam soil that previously had produced two crops of corn, and excavated July 18, IQ22 


Character of inbred strains. 

Num- 
ber of 
plants 
exam- 
ined. 

Mean plant 
height. 

Mean num- 
ber main 
roots per 
plant. 

Difference in number of 
main roots per plant 
based on good strain. 

Differ- 

euce/P.E. 

Good 

4 ' 

1 Inches. 

S9-o±i.i 

59-3±i-o 

S 3 .o±o.S ' 
20.0±I.6 

Number. 

Per cent. 


Susceptible to rootrot. . 
Susceptible to leaf 

7 ^ 

I3.0±I.8 

39-4 

7.2 

firing 

9 

57-2±2-4 

I5-4±o.7 

ij.difci.i 

53-3 

16.0 


TabbB VI. — Data from a comparative study of three unrelated inbred strains of Yellow 
Dent corn planted June 2, ig 22 , at Bloomington, III., in brown silt loam soil that 
previously had produced two crops of corn, and excavated A ugust 17-2 S 
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Mean total length 







lateral roots per 

of all lateral roots 






per- 

plant on six 

per plant on six 


Num- 


Mean 

Mean 

cent- 

6-inch pieces of 

6-mch pieces of 


ber of 

Mean 

height. 

cir- 

num- 

age of 

main roots. 

main roots. 

Character of strain. 

plants 

cum- 

ber of 

rotted 






exam- 

fer- 

main 

roots 10 






ined. 


encc. 

roots. 

inches. 

2-S 

10-16 

2-8 

10-16 






below 

inches 

inches 

inches 

inches 






surface. 

below 

below 

below 

below 







surface. 

surface. 

surface. 

surface. 



Inches. 

Inches. 





Inches. 

Inches, 

Good 

9 

99.0 

3-41 

S8-S 

9.7 

39 T.O 

244.6 

774.7 

423.6 

Susceptible to rootrot . 
Susceptible to leaf 

9 

109. 1 

3-45 

5 X -7 

96.7 

293.1 

96.0 

334.4 

3:03.5 

firing 

Difference between 

9 

102.0 

3-40 

57-0 

4.0 

391-0 

160.2 

423.7 

20S.9 

good strain and 
strain susceptible to 










rootrot 


10. 1; 

! 


' 6.8 

I 

00 

b 

97-9 

168.6 

330.3 

320. 1 

Percentage difference 

1 


between good strain 
and strain suscepti- ! 

1 









ble to rootrot 


10.2 


II. 6 


2 . 0 

69.0 

348:1 

43.1 

1,999:1 

75-6 

4 . 544 ::£ 

Odds 


9 . 999-1 


59:1 



325:1 

I , 492 : I 

Difference ■ between 



good strain and 
strain susceptible to 










leaf firing 







84.4 

351.0 

214.7 








Percentage difference 










between good strain 










and strain suscepti- 
ble to leaf firing. . . . 







34-3 

344:1 

' 45-3 

81:1 

50- b 
1,350:1 

Odds 










■ I 





Tlie difference of 6.8 in mean number of main roots between the good 
strain and the strain susceptible to rootrot, although not large, is rather 
significant in^ view of the" odds of 59 to i. Hants of the strain susceptible 
to leaf firing showed a very large gain in number of main roots during 
"the period between July 1.8 and August 25. The number of rotted roots' 
in the strain susceptible to rootrot was very pronounced. There was 
little evidence of rootrot in the strain susceptible to leaf firing. 
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Actual differences in root systems of the three strains could not be 
expressed fully by the number of main roots; there were significant dif- 
ferences both in number and length of lateral roots (Plate 3). There 
was a very significant reduction in number of lateral roots in the strain 
susceptible to rootrot, both 2 to 8 inches below the surface and 10 to 16 
inches below the surface. The figures were 293.1 and 96 lateral roots 
compared with 391 and 244.6 roots, respectively. (Table VI.) Plants 
of the sti'ain susceptible to leaf firing developed as man}^ lateral , roots 
near the surface as plants of the good strain, but there was a marked 
reduction in the number of lateral roots 10 to 16 inches below surface, 
or 160.2 lateral roots compared with 244.6 roots. Differences in total 
length of the lateral roots on the same number of main roots of an equal 
length v/ere even more marked than differences in the number of lateral 
roots, and perhaps were more important from the standpoint of the physi- 
ology of the plants concerned. In the strain susceptible to rootrot there 
was less than half the total length of lateral roots 2 to 8 inches below 
surface and only one-fourth the total length 10 to 16 inches below the 
surface, or 334.4 inches and 103.5 inches compared with 774.7 inches and 
423.6 inches, respectively. (Table VI.) Roots of the strain susceptible to 
leaf firing w^ere decidedl}^ inferior to roots of the good strain in this 
respect, or 423.7 inches and 208.9 inches compared with 774.7 inches 
and 423.6 inches, respectively. All the differences in mean total length 
of all laterals on equal lengths of main roots from the different strains 
were significant from the standpoint of statistical analysis. , 


Table VII . — Data from a comparatvve study of 10 plants of a good inbred strain of Yellow 
Dent corn and 10 and 5 plants, respectively , from, two unrelated inbred strains susceptible 
to rootrot, planted May 22, near Bloomington, III., in brown silt loam soil that pre- 
viously had produced three consecutive crops of corn, and excavated September 11-14, ig22 
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6-12 inches 
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face. 

below surface. 



Inches. 

Inches. 



Inches. 

Inches. 

Good 

10 

82. 8db 1. 2 

3. 78dbo. 13 

41. 2±o. 4 

434 - S± 33 - 5 

706 . 1 ±93:- 9 

4 » 343 - 9 ± 4 I 5 - X 

(a) Susceptible to root- 


10 

102. 3dbl. 2 

3. 69±o. II 

33, 1 ±2. 0 

297, 6± 16, I 

258. 8±21. 8 

I, 220. 2*130. 7 

ib) Susceptible to root- 

rot 


90. 8±3. 7 

3- 70±o. 12 

3i.o±i. I 

209. 8±23. 0 

2oS. 6±3S. I 

946. 8* 153. 8 

Difference between 

1 5 

good and (a) suscep- 
tible strain 


19. 7 

0. 09±o. 2 

6. I±2. 0 

136. 9 d= 37. 2 

447.3*94.3 

3, 123. ,7*435. a 

Percentage difference 


between good strain 
and (a) susceptible 
strain. 

: i 

1 . i 
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11. s 
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3.0 

31 - S 

3 * 7 I 

63.3 

4. 7 

I 72. 2 

Difference/P. E 
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1 224. 7±40. 6 
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' 497. 5 ±98. 4 

3.397. 1*482. 5 
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between good strain 
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1 




i ■ ■ 


78. 2 

strain. . . . . 


9. 7 
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SI* 7’ 
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Difference/P. E . 


2. I 


S- 5 

5 * I 

7. 0 

■ ‘ , 
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x\dditional data from a comparative study of root systems of plants 
from a good strain and two strains susceptible to rootrot are given in 
Table VII. Differences in the number of main roots, 6.1 i 2.0 roots and 
10,2 4 : 1*2 roots, were marked. The latter difference, being S.5 times its 
probable error, is ver}^ significant. Both differences in mean total 
number and mean total length of all laterals on equal lengths of main 
roots are very significant. The greatest and most important difference 
between the good strain and the strains susceptible to rootrot, however, 
lay in the mean total lengths of all laterals per plant on healthy roots 
only in a horizontal 6-mch section 6 to 12 inches below the surface. In 
one comparison the difference was 7.2 times the probable error, and in 
the other comparison, 7.0 times the probable error. 

The significance of such differences in root systems is still further 
emphasized by the fact that plants of the strains susceptible to rootrot 
were considerably taller than plants of tlie good strain. The importance 
of such differences in ratio of lengths of roots which function to those of 
parts above ground is plainly evident. 

ikdditional data on the relation of extent of root system to pulling 
resistance and lodging in the good strain and the strain susceptible to 
rootrot are presented in Table VIII. The difference of 6, or 16.2 per 
cent, in number of main roots, although not large, was very consistent 
and significant. Differences both in mean total number of lateral roots 
and mean total length of lateral roots were very marked. The strain 
susceptible to rootrot had a lower pulling resistance and more leaning 
plants than the good strain. 

Tabi^E VIII . — Data from a comparative study of plants from a good mbred strain and 
plants from an unrelated inbred strain susceptible to rootrot , the corn being planted 
May 22 f ig22, in adjacent rows, near Bloomington, III., on brown silt loam soil on 
which the three previous crops were corn, 10 plants from each strain being excavated 
September 16-1S, and 17 erect plants with green stalks from each strain being pulled 
September 28 and 2g 


Character of strain. 


Percentage of plants leaning 
30"* or more in a period of six 
years. 


Go 3 d, 

Susceptible to rootrot 

Difference between good 
and susceptible strains. . 
Percentage difference 

based on good strain 

Odds. 


Per 

cent. 

o.oj 

0.0 


1918 


Per 

cent. 

8.9] 

7 -ii 


Per 

cent. 

o.oj 

! 3 i .8 


Per 

cent. 

0.0! 
10. 1 


Per 

cent. 

, 7 . 8 | 
83-31 


Mean 
resist- 
ance 
per 
plant 
to a 

verticalj 

pull. 


Mean 
number 
■ of main 
roots per 
plant. 


Pe r \ 
cent. I Pounds. 

. 2. Si 251.51 
20.6 198. 5 


S3*oj 

21. 1 
322:11 


37 

32: 


16.2 

3*332:1 


Mean 

total 

|nuniber{ 

of 

lateral 
roots 
per 
plant 
on six 
6-inch 
pieces 
of main 
roots 
6 to 12 
inches 
below j 
surface.! 


31S.4 

212,7 


Mean 

total 

length 

of 

lateral 
roots 
per 
plant 
on six 
6-inch 
pieces 
of main 
roots 
6 to la 
inches 
below 
surface. 


Inches- 

434*5 

217.4 


105.7 217.1 


33 * 2 ; 

SS 4 U: 


50.0 

908:1 



pIvATe; I 


The root-pulUng machine in operation. The corn stalks were first cut off at a con- 
venient height. The upright standard next to the scale is open in the center at the 
bottom so that the corn stumps pass through it and the machine need not be lifted 
over them. The scale used was a Chatillon spring balance graduated in tenths of 
pounds with a capacity of 120 pounds at the scale. The maximum pulling resistance 
» measured so far was S65 pounds. The scale is hooked to the beam by means of a chain 
so that it can be hooked at any height which will bring the beam into a horizontal 
position when the greatest strain is being exerted. 
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PLATE 2 


A. — Representative root system of the good strain of com. The corn was planted 
June 2, 1922, and excavated when the plant was 46 days old. Previous to photo- 
grapliing, the roots were mounted on a frame with wires stretched at right angles 
6 inches apart each way. On the frame the main roots were placed, as nearly as possi- 
ble , in their original position in relation to a vertical line passing through the center 
of the base of the plant. 

B. — Representative root system of a strain of com susceptible to leaf firing. The 
corn was planted June 2 in a row adjacent to the good strain, and excavated when the 
plant was 46 days old. At the time the excavations were made the leaves of the strain 
susceptible to leaf firing were beginning to wilt, although there w^as no evidence of root 
rotting. Other similar plants of this same strain partially recovered after rains that 
broke the drought. 

The differences in the two types of root systems are very marked, both in number of 
main roots and number and length of lateral branches. 



PLATE 3 

A. —Representative root system of a good inbred strain of corn. The com was 
planted June 2, 1922, and was excavated 77 days after planting. Less than 10 per 
cent of the roots showed evidence of root rotting. 

B. — ^Representative root system of an inbred strain of corn susceptible to rootrot* 
Over 96 per cent of the roots showed evidence of root rotting. 





Anchorage and Extent'orcorn Root[^Sy stems 








PLATE 4 

A. — Cross section of central stele of the root of a good inbred strain of Yellow Dent 
•com that was unusually vigorous, had no chlorophyll deficiencies, yielded well, and 
was highly resistant to rootrot and smut. The tracheids are large and the pith cells 
are closely bound together with thickenings at the corners. 

B, — Cross section of central stele of the root of an inbred strain of Yellow Dent com 
that possessed the other desirable qualities mentioned above but was susce|>tible to 
rootrot and lodged easily. The tracheids are comparatively small and the pith cells 
are ver}^ loosely connected so that they are round in cross section, whereas those 
above are angular. The spaces between the cells are open, and tliere are no special 
thickenings. 



PLATE 5 

A. — Cross section of the cortex of a good inbred strain, the same as shown in Plate 4^ 
A. The cells are thick walled^ and are closely bound together, which gives the cells 
an angular shape in cross section. Many of the corners are reinforced by special 
thickenings. 

B. — Cross section of the cortex of an inbred strain which is susceptible to rootrot, the 
same as shown in Plate 4, B. The cells are not as thick walled as those above; they are 
round in cross section, and are not closely bound together. 
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SOYBEAN MOSAIC: SEED TRANSMISSION AND EFFECT 

ON YIEED‘ 

By Jambs B. Kbndrick, Assistant hi Botany, and Max W. Gardner, Associate in 
Botany, Indiana Agricultural Experiment Station^ 

INTRODUCTION 

Ratlier extensive inoculation tests in field and greenhouse have failed 
to reveal ' any host for soybean mosaic other than the soybean itself. 
Cross inoculations from mosaic red clover and garden bean to soybean 
were unsuccessful, and cross inoculations from soybean to sixty varieties 
of garden beans and seven otlier species of Phaseolus, to two species of 
Dolichos, to field peas, and to cowpeas gave only negative results. 

Mosaic has been noted on the follov/ing varieties of soybeans at La 
Fayette, Ind. : Midwest or Medium Yellow, Haberlandt, Manchu, Ito 
San, Mongol, Hurreibrinks, Mammoth Black, Habara, A. K., Arlington, 
Hoosier, Elton, Wea, Lexington, Black Eyebrow, Pinpu, 36847, Feldun, 
Bunfield, Soysota, Wilson Black, Mammoth Yellow, Brown, Virginia, 
and Tar Heel Black. The disease seems to be most prevalent in the 
Midwest, Haberlandt, and Black Eyebrow varieties and the symptoms 
seem to be most conspicuous in the Midwest variety. The Midwest or 
Medium Yellow variety has been erroneously known locally as Holly- 
brook, according to Wiancko and Mulvey (9) and it was in this variety 
that we (5) first noted the disease. 

As j^'et the mosaic disease does not seem to have become seriously 
prevalent in Indiana. F. E. Robbins found the disease in only 4 out 
of 27 soybean fields inspected in 1923. With the exception of one field 
of the Midwest variety, only a very low percentage of infection has been 
found in commercial fields. 

In addition to the typical mosaic symptoms described in a previous 
account by the authors (5) , other symptoms have been found associated 
with the disease, but these have not been relied upon as criteria of mosaic 
in the following work. Among these symptoms are a bronzing of the 
young leaves produced by a brown discoloration of short segments of 
the veins and large splotches on the older leaves produced by a lacelike 
yellowing or browning of the veins. In the Lexington variety severe 
symptoms were evinced in 1923. The mosaic plants were extremely 
stunted, the growing tips were killed outright, and brown necrotic 
streaks developed on the stems and petioles. 

SEED TRANSMISSION 

In the previous account (5) it was recorded that about 13 per cent of 
the seed from mosaic plants transmitted the disease. Subsequent tests 
have given similar results with a number of varieties and with older seed. 

The presence of the disease in ordinary commercial seed one year old 
was shown' in 1921. Fifteen varieties and selections were planted in 


^ Accepted, for pubEcation Nov. x9, 1923. Contribution from tbe Botanical Department, Indiana Agricul- 
tural Experiment Station. 

® The writers wish to acknowledge their indebtedness to Prof. H, S. Jackson for helpful suggestions. 

* Reference is made by number (italic) to literature cited,” p. 98. 
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parallel plots of three rows each on May 26, 1921, and the occurrence of 
a very small percentage of seed-borne mosaic in 9 of the 15 varieties was 
determined by a careful examination of the seedlings on June 26 as shown 
in Table I. The secondary spread of infection as shown by the records 
of August 16 will be referred to later. 


TabliS I . — Mosaic in variety plot, ig2i 


Variety. j 

i 

Number 
of plants. 

Mosaic 
seedlings 
June 26 . 

j Mosaic plants, Aug. i6. 

Number. 

Per cent. 

Midwest 

272 

0 

79 

29 

Blton 

253 

2 

24 

9 

36847 

Haberlandt 

236 

0 

I 

0.4 

255 

s 

57 

22 

Wea 

294 

0 

28 

9 

Lexington 

352 

I 

8 : 

2 

Soysota 

221 

0 

0 I 

0 

A. K 

205 

I 

^7 1 

8 

Black Eyebrow 

160 

I 

21 

: 13 

Pinpu 

209 

0 

7 

: 3 

Feldun 

270 

I 

7 ! 

2 

Dunfield 

259 

2 

14 1 

5 

Ito San 

250 

0 

4 

2 

Arlington 

Manchn 

301 

2 

18 

6 

166 

I 

12 

7 


In a small plot of Midwest soybeans planted in 1921 with seed from 
a field in which the disease occurred in 1920, 17 out of 423 seedlings, or 
4 per cent, developed mosaic. A number of volunteer seedlings came up 
in 1921 in the field used in 1920 and one of these showed mosaic, indicat- 
ing that the disease persisted over winter in the seed lying in the field. 

Two rows were planted in 1921 with seed saved from mosaic Midwest 
plants in 1920 and out of the 156 seedlings, 14, or 9 per cent, showed 
mosaic. Among the progenies of six mosaic plants, 12 out of 65 seed- 
lings, or 18 per cent, were mosaic. 

In a plot planted in 1922 with seed saved from mosaic Midwest plants 
in 1921, 172 out of 993 seedlings, or 17 per cent, showed mosaic, while 
in another plot planted with seed from healthy plants, 590 seedlings came 
up and none were mosaic. 

These results with seed from mosaic plants corroborate the writers’ pre- 
vious conclusion that a varying and usually rather low percentage of such 
seed carries the disease. Dickson (j, p. 8j-86) obtained similar results 
in connection with the seed transmission of mosaic in T rifolium praiense 
L. and Meliiotus alba Desr. Reddick and Stewart (8) found a varying 
but much higher percentage of transmission of bean mosaic through the 
seed, and Archibald (i, p. 62) found that 43 per cent of the seed from 
mosaic bean plants transmitted the disease. Doolittle and Gilbert (4) 
found that a low percentage of the seed from mosaic wild cucumber 
transmitted cucurbit mosaic, and Newhall {6) likewise found in the case 
of lettuce mosaic that a very low percentage of the seed transmitted the 
disease., 

Seed saved from mosaic soybean plants of a number of varieties in 
the fall of 1921 were planted in Ihe greenhouse the following ^winter 
with results as shown in Table IL The results of a similar test made 
wi^ seed selected from mosaic plants in 1922 are shown in Table III. 
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TabI/^ II. — Seed transmission by different varieties^ ig 2 i 


Variety. 

Ntxmber 
of plants. 

Number 
of seeds. 

Number 
of seed- 
lings. 

Per cent 
germina- 
tion. 

Number 
of mosaic. 

Per cent 
mosaic. 

Midwest 

10 

676 

535 

79 

12 1 

23 

Haberlandt 

8 

435 

350 

80 

23 

7 

Black Eyebrow | 

I 

3 ^ 

23 

74 

8 

; 35 

Arlington j 

r 

46 

17 

37 

I 

i 6 

Feldnn j 

I 

151 

122 

88 

4 

3 

Eexington 

I 

62 

58 

' 93 

0 

0 

Bimfield 

I 

45 

17 

38 

0 

0 

Mancbti. 

I 

64 

27 

42 

0 

0 

i 


TablS III . — Seed traTismission by different 'varieties t Ip22-‘2j 


Tested. 

Variety. 

Number of 
plants. 

Number of 
seedlings. 

Number of 
mosaic. 

Per cent 
mosaic. 


r Midwest 

19 

114 

I, I 

10 


Haberlandt. . . .... 

8 

97 

? 

7 

In winter in greenhouse . 

<A. K 

3 

17 

2 

12 


Feldun 

2 

21 

0 

0 


.Lexington i 

1 3 i 

1 23 

0 

0 


f Midwest I 

1 X 7 1 

1 54 

5 1 

; 9 

In summer of 1923 in 

Haberlandt * 

/A. K i 

i 6 

2 

1 88 

; 18 

3 1 

0 ! 

1 3 

0 

field 

Lexington . i 

2 

' 20 

0 1 

0 


Manchu ! 

2 

18 ! 

i 

0 

0 


The results shown in Tables II and III indicate that varieties differ 
somewhat in their ability to transmit mosaic. The Midwest, Haberlandt, 
Black Eyebrow, A. K., and Arlington varieties apparently transmit the 
disease more readily than Feldun, Manchu, Lexington and Dunfield. 

Individual plants of the same variety also differ greatly in the extent 
to which the disease is transmitted to their progeny. In the progenies 
of six single selections (Midwest) planted in the field in 1921, the per- 
centage of mosaic varied from o to 33 per cent. 

In the progenies of the ten single plant selections from mosaic Mid- 
west plants in Table II, the percentage of mosaic seedlings varied from 
6 to 38 per cent, and among the eight Haberlandt progenies the per- 
centage of mosaic varied from o to 16. In the progenies of the 19 Mid- 
west plants recorded in Table III, mosaic was absent in eight and varied 
from 7 to 50 per cent in the others. Four of the eight Haberlandt 
progenies also showed no mosaic. 

To determine whether this peculiar incidence of mosaic had any 
relation to the node at which the pods were borne, the seeds from nine 
mosaic Midwest and seven mosaic Haberlandt plants were harvested 
separately by nodes in 1921 and t^ted in the greenhouse. No par- 
ticular rdation was found between the percentage of mosaic seedlings 
and the location of the node at which the seed was , borne. Numbering, 
the bearing nodes from the top down, the second, third, fourth, and 
seventh, 3rielded the most mosaic- seedlings in the Midwest plants and the 
fourth node in the Haberlandt plants. Numbering the ,. bearing nodes; 
from, the base upward, the fourth, .seventh, and eighth 'yielded the 
most' mosaic in the Midwest plants. 
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That the variation in percentage of seed transmission of mosaic was- 
not dependent upon the date of infection of the parent plant is indicated, 
by the fact that in tlie 19 Midwest parent plants recorded in Table III 
the mosaic was of seed origin, and yet an average of only 10 per cent of 
mosaic occurred in the progenies of these plants; in fact, in eight progenies 
no mosaic occurred. In 4 of the 8 Haberlandt parent plants the mosaic 
was also of seed origin and the progenies of these plants showed a lower- 
average percentage of mosaic than the progenies of the either four plants. 

The effect of age of seed upon the transmission of mosaic is of practical 
interest. The field tests noted above proved that the disease persisted 
in the seed from one season to the next. Among 1,105 Haberlandt 
seedlings grown in the greenhouse in December, 1922, from commercial 
seed 15 months old, 3.2 per cent were mosaic. To test the effect of an 
extra year’s storage, commercial seed from two of the same lots tested 
in 1921 (Haberlandt and Arlington, Table I) was planted in the field 
in 1922. Of the 560 Haberlandt seedlings, 7 were mosaic and of the 
629 Arlington seedlings 2 were mosaic. It thus appears that the dis- 
ease was present in 2-year-old seed. 

That 2-year-old seed may carry the mosaic disease was further demon- 
strated by greenhouse tests in the spring of 1923 with seed harvested from 
single mosaic plants in 1921. The results, as shown in Table IV, indi- 
cate that there was a considerable percentage of mosaic transmission 
in the old seed from mosaic plants in the Black Eyebrow and Midwest 
varieties and a low percentage in the Haberlandt variety. 

Tabl:® IV . — Presence of mosaic in seed stored 16 months 


Plant. 

Variety. 

Per cent 
germina- 
tian. 

Number of 
seedlings. 

1 Number of 
mosaic, j 

Per cent 
mosaic. 

I 

Haberlandt. 

77 

88 

3 

3.4 

2 

Black Eyebrow 

35 

21 

3 

14-3 

3 

Wea 

75 

40 

0 

0 

4 

Lexington. 

77 

31 

Q 

0 

5 

Arlington 

28 

19 

0 

0 

6 

do 

14 

14 

0 

0 

7 

Midwest 

64 

38 

26 

68.4 

8 


98 

46 

3 

6.5 

9 

do 

69 

22 

6 

27.3 


In the summer of 1923, seed from six mosaic Midwest plants collected 
in 1921 was planted in the field and 36 of the 208 seedlings, or 12 per 
cent, came up showing mosaic. These results indicate that tlie use of 
2 -year-old seed can not be recommended as a mosaic control measure. 

In 192 1 and 1922 a conspicuous brown mottling of the seed coat occurred 
rather generally and occasioned considerable concern among the growers 
of soybeans for seed. As yet no relationship has been established 
between this seed mottling and the mosaic disease. Mottled seeds have 
been produced by both healthy and mosaic plants and in germination 
tests a few mosaic seedlings were obtained from clean as well as from 
mottled seeds. 

Ordinarily the seed from plants apparently free from mosaic has 
yielded only healthy seedlings. In a field plot in 1922 planted with 
such seed, no mosaic occurred among the 590 seedlings, while in another 
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plot planted with seed from mosaic plants, 172 out of 993, or 17 per cent, 
of the seedlings were mosaic. Owing to the. drought of 1922, the field 
symptoms were not easily recognizable at the time the seed was collected, 
and among 42 single plant selections from supposedl}^ healthy plants, 
3 showed mosaic when tested. 

It would seem, therefore, that seed selection from mosaic-free plants 
may be fairly effective, but not absolutely infallible, as a control measure. 

SECONDARY SPREAD OF MOSAIC 

The degree of spread of mosaic during tlie season of 1921 is shown in 
Table I in which the number of mosaic plants on August 16 is very 
greatly in excess of those noted on June 26. In the Midwest variety 
this secondary infection involved 29 per cent of the stand. In another 
plot of the same variety, 37 per cent of the stand became infected during 
the month between July 19 and August 19. 

The spread of infection in 1922 was not so extensive as in 1921. In 
field plots, 14 per cent of the 2,174 Midwest plants, 16 per cent of the 
487 Haberlandt plants, and i per cent of the 640 Arlington plants became 
infected during the season. 

During 1923 the spread of infection was much more extensive than in 
the two preceding seasons. Among variety plots equally exposed to 
infection and showing no mosaic among the seedlings, tlie extent of 
secondary spread of mosaic is evidenced by the percentages of mosaic 
recorded August 7 to 14, as shown in Table V. The varieties Soysota 
and Virginia seemed to escape infection. 

Tabi,]® V . — Secondary spread of mosaic, iges 


Variety. 


Midwest 

Mancliti. . 
Haberlandt, 
Elton. ...... 

Feldun 

Dunfield. .. 

Wea 

Arlington. 

I to San 

A. K 


Number 
of plants. 

Per cent 
mosaic. 

Variety. 

Number 
of plants. 

Per cent 
mosaic. 

181 

90 

Brown 

220 

41 

24 

79 

Lexington 

92 

40 

76 

:73 

Pinpu 

SO 

38 

28 

64 

Black Eyebrow 

30 

33 

43 

63 

36847- - 

30 

33 

38 

55 

Mammoth Yellow 

79 

23 

60 

45 

Tar Heel Black 

253 

'22 

61 

44 

Wilson Black 

329 

1,4 

211 

41 

Soysota 

163 

: 2 

39 

41 

Virginia 

308 

i 

0.6 


The agent of dissemination has not been determined. Aphids have 
not been noted to any extent on the soybeans. Leafhoppers and 
tarnished plant bugs have been found in abundance, but numerous tests 
with caged plants have failed to incrirninate either of these insects. 

EFFECT OF MOSAIC ON SEED GERMINATION 

Dickson (5, p. 18-1 g) has shown that there is a reduction in the ger- 
minating power of seed due to the mosaic disease in the case of red 
clover and Canada field pea, and Cunningham {2, p, states that seed 
from mosaic bean plants has a low germinating' quality. Tn the green-,' 
house tests with seed from mosaic soybean plants presented in Table 
II there was 79 per cent germination of the 676 Midwest seeds planted,. 
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8o per cent germination of the 435 Haberlandt seeds, and 88 per cent 
germination of the 15 1 Feldun seeds. Although lower percentages of 
germination occurred in some of the other varieties, there was no marked 
reduction of germinating power in the larger lots of seed nor was the 
germinability in any way correlated with the percentage of mosaic 
in the seedlings. The latter also holds true for older seed as shown in 
Table IV. 

In field plots planted in 1921 with 370 seeds from mosaic plants only 
61 per cent germinated. The relative germinability of the seed from 
mosaic and healthy plants grown in 1922 was tested in the greenhouse 
and the results, as shown in Table VI, indicate that mosaic had little if 
any influence on the germinating power of seed. 


Table) VI . — Effect of mosaic on the germinating power of seed 


Variety. 

Seed from healthy plants. 

I 

Seed from mosaic plants. 

Number 
of plants. 

[ 

Number 
of seeds. 

1 

Per cent 
germina- 
tion. 

1 

Number 
of plants. 

Number 
of seeds. 

Percent 

germina- 

tion. 

Per cent 
mosaic. 

Haberlandt 

8 

176 

74 

8 

137 

71 

7 

A. K 

2 

45 

78 

3 ’ 

21 

81 

12 

Lexington 

3 

80 

66 

3 ! 

39 

59 

0 

Feldun 

2 

SI 

63 

2 

39 

54 

0 


EFFECT OF MOSAIC ON YIELD OF SEED 

Reddick and Stewart (7) found that bean mosaic suppressed seed pro- 
duction, and Dickson (3, p. i 8 -ig) has recorded a marked reduction in 
yield of seed due to mosaic in pea beans, broad beans, and red clover. 
As the writers (5) have previously reported, reduction in yield of seed is 
likewise one of die outstanding features of soybean mosaic. In the fall 
of 1921 a comparison was made of the yield of seed from mosaic and 
normal plants and the results, as presented in Table VII, show that 
mosaic caused a very serious reduction in yield, especially in the Haber- 
landt variety. 

The comparative yield of healthy and diseased plants in the variety 
plots in 1922 is shown in Table VIII. The mosaic seedlings had been 
tagged so that it was possible to record whether the disease was of seed 
origin or the result of secondary infection during the season, and except 
in the Midwest variety, the mosaic was all of the latter type. 

Table YU.— Effect of mosaic on yield of seed, ig2i 


Variety. 

Healthy. 

Mosaic. 

Number of 
plants. 

Average 
yield per 
plant in 
grams. 

Number of 
plants. 

Average 
yield per 
plant in 
grams. 

Per cent 
reduction 
in yield. 

Midwest 

, 

24 

14.59" 

27 

9.58 

34 

Haberlandt. 

5 

41-57 

9 

10. 96 i 

76 

Arlington. 

3 

7-65 

3 

4.60 1 

40 

Lexington. 

2 

12.01 

2 

4.82 

60 
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Table VIII - — Effect of mosaic on yield of seed, ig22 


Variety. 


Condition of plants. 


Midwest 

Haberiandt . . . . 


f Healthy 

\Mosaic (seed origin). .. 

fHealth^’- 

\Mosaic 


Feldun. . . . 
Lexington 


Mosaic. 
jfHealthy. 
if Mosaic. 




Bunfield . 
Arlington 
Manchti . 
A. K 


(Healthy 
(Mosaic. . 
[Health}". 
(Mosaic. . 
jHealthy, 
(Mosaic. . 
(Healthy 
(Mosaic. . 


Number 
of plants. 

Average 
number 
seeds per 
plant. 

Average 
yield per 
plant. 

Reduction 1 
in yield. ■ 

Average 
weight of 
a seed. 

00 

H 

00 

0 

Gnis. 

1.85 

Per cmi. 

0. 103 

95 

4-4 

.46 

75 

.105 

22 

13 

22.0 

14.7 

3-01 

2.04 

32 

• 137 
.138 

6 

21.6 

3-25 


,141 

5 

14.0 

1.77 

45 

! . 126 

7 

22.8 

2.00 


.151 

6 

12.5 

-93 

53 

1 -075 

4 

35-7 

4-65 

68 

; -130 

4 

13.2 

1.47 

.in 

6 

40.8 

2.56 


. 062 

4 

6.7 

■23 

93 

*033 

3 

19-3 

2.40 


. 124 

3 

10.3 i 

I - 10 

54 

, 106 

9 

27.2 

3-75 


•137 

8 

9.6 

1. 14 

69 

.118 


Owing to tlie drought, all of the yields were very low in 1922 as com- 
pared with 1921. However, the results in Table VIII show that mosaic 
caused heavy losses in all of the varieties. The loss in the Midwest variety, 
of which the greatest number of mosaic plants were available, amounted 
to 75 per cent. All of these Midwest plants represented mosaic of seed 
origin and 37 of the 95 bore no seeds whatever. In the Haberiandt 
variety, however, the average yield of seven plants with mosaic of seed 
origin, not recorded in Table VIII, was only 14 per cent less than that 
of the healthy plants. 

It will be noted that in general the loss was due to the fewer number 
of seeds per plant rather than to the smaller size of the seeds, although 
in the last six varieties the seeds from mosaic plants were considerably 
smaller, especially in the Lexington and Arlington varieties. 

SUMMARY 

No host for soybean mosaic has been found other than the soybean 
itself. 

Varieties of soybean seem to differ somewhat in susceptibility. Mid- 
west has proved very susceptible; Soysota and Virginia have shown a 
tendency to escape infection. 

Generally about 10 to 25 per cent of the seed from mosaic plants 
produced mosaic seedlings. 

Varieties seem to differ in their ability to transmit mosaic through the 
seed. Midwest, Haberiandt, Black Eyebrow, A. K., and Arlington 
readily transmitted the disease. 

Marked differences occurred in the percentages of mosaic in the prog- 
enies of individual mosaic plants of the same variety. 

The transmission of mosaic seems to bear little or no relation to the 
location of the node at which the seed was produced nor to the date of 
infection of the parent plant. 

The disease has been found in 2-year-old seed saved from mosaic plants. 


73431—24 3 
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A conspicuous brown mottling of the seed coat has not been correlated 
with mosiac. 

Seed selected from mosaic-free plants gave rise to mosaic-free seedlings. 
A considerable spread of mosaic occurred during the growing season. 
This secondary spread was more extensive in some seasons than in others. 

Apparently the disease did not materially lower the percentage of seed 
germination. 

Mosaic reduced the yield of seed 30 to 75 per cent. The number of 
seeds per plant was greatly reduced; in fact, plants with mosaic of seed 
origin frequently bore no seeds whatever. 
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INSECTICIDAL EFFECT OF COLD STORAGE ON BEAN 

WEEVILS ‘ 


By A. O. Larson and Perez Simbions 

Assislmti Entomologists, Buremi of Entomology, United States Department of Agriculture^ 


INTRODUCTION 

The present paper is a report on the insecticidal efficiency of certain 
commercial cold-storage temperatures upon our two most ^destructive 
insect pests of stored legumes, Bruchus obfectus Say, the common bean 
weevil, and Bruchus quadrimaculaius Fab., the four-spotted bean weevil. 
The effectiveness of cold in protecting beans, peas, and cowpeas against 
weevil attack has long been recognized, but relatively little attention 
has been given by investigators to the use of low temperatures for killing 
weevils which are present in stored legumes. 

Duvel (2)^ found that refrigeration at 32° to 34*^ F. was a perfect 
protection. Krall (4) concluded that eggs as well as all stages of the 
cowpea weevil, Bruchus chinensis L., can be killed by storage at 32° F. 
or colder (duration of exposure not given). Garman (3) stated that a 
temperature of 32° F. suspends tlie activity of the weevils and in time 
may kill them, although short exposures to this temperature apparently 
have no killing effect. He also concluded that all stages including eggs 
may be killed by one night’s exposure to zero weather. The foregoing 
writers found that the germinating power of the seeds is not injured by 
refrigeration, even (2) for 20 months. Back and Duckett (i), Severin (5), 
and others stated that little or no development takes place at or below 
50*^ F. ; and Garman (3), speaking of temperatures of 35® to 40° F., 
wrote that “even these temperatures stop the work of the insects, 
though they will not entirely destroy them.” 

The present report summarizes experiments wiHi Bruchus ohtectus in 
California pink beans (Phaseolus vulgaris) and with B. quadrimaculaius 
in black-eye cowpeas or beans {Vigria sinensis). The results of work 
with the two species are here considered separately. 

COLD-STORAGE EXPERIMENTS WITH BRUCHUS OBTECTUS 
SCOPE AND method 

These experiments included the refrigeration of 92,484 California 
pink beans infested with an estimated total of 114,200 larv^, pupae, 
and adults. The temperatures tested, 32^ and 36° F., were obtain^ in a 
modem cold-storage plant at Stockton, Calif., where inspection of the 
rooms by employees every two hours served to keep the desired tem- 
peratures fairly constant. The term “constant temperature” is used 
here in the commercial sense, and it is assumed that there were occasional 
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fluctuations of a few degrees. Cotton sample bags were filled with from 
3,000 to 5,000 infested beans each, obtained from commercial storage, 
and these were removed at intervals and mailed to the laboratory at 
Alhambra, Los Angeles County, Calif. The time spent in transit was 
sufficient for the insects not killed to become active. 

A short time after they were received at the laboratory the beans were 
counted and a sample of 200 taken at random from each sack. These 
were dissected and all weevils found — ^larvse, pupae, and unemerged 
adults, both alive and dead — ^were recorded. Subsequent examinations 
of the sacks of beans were made at various times. 

RESULTS WITH STORAGE AT 32° E. 

Eleven samples of beans were exposed at 32° F. for periods ranging 
from 7 to 61 days. When the sacks were opened numerous emerged adult 
weevils were found. Among the 43,281 beans in the ii samples, 5,649 
adults were counted, 5,272 dead and 377 alive. No live adults occurred 
in samples refrigerated for 46, 56, or 61 days. Samples exposed for 7, 14, 
22, 28, and 31 days contained sufficient live emerged weevils to reinfest 
the seeds. Although the condition of the emerged insects found is a 
rough index of the effect of the various exposures, it is necessary to refer 
to Idle results of subsequent examinations in order to ascertain the ability 
of the insects which survived within the beans to perpetuate the infesta- 
tion. 

At the time of the first examination, all emerged weevils were removed 
from the sacks. Reexaminations showed that some of the larvae, 
pupae, and adults which were alive within the beans at that time were 
able to emerge, following exposure to laboratory temperatures favorable 
to growth and reproduction. Heavy reproduction took place in beans 
refrigerated for 7 days, and live weevils were found in sacks subjected 
to 14 and 28 days of cold storage at 32^ F. 

The living weevils taken from a number of the samples at the first 
examination were placed under conditions favorable for reproduction, and 
it was found that adults from samples refrigerated 14 days or more were 
very weak and seemed to have lost much of their vitality; those from 
beans stored 22 days or longer failed to deposit eggs. Six other samples, 
not included in the tabulations given in this report, were exposed to 32° F. 
for 66 days and all emerged weevils were found to be dead. These samples 
were estimated to contain 20,500 beans and 43,700 weevils. A later 
inspection showed that this exposure had completely killed the infesta- 
tion. 

Table I gives the results of the dissection of 200 beans from each of 
the refrigerated sacks. A total of 2,200 beans dissected to represent 
the average condition of the ii samples contained 2,360 weevils; 1,324 
(56 per cent) of them were larvae; 630 (27 per cent) were pupae, and 406 
(17 per cent) were adults which had not emerged from the pupal cells. 
The percentages of all forms killed after different periods of refrigeration 
are seen to be not very consistent with the increasing mortality to be 
expected with increasing exposure to cold. The samples were put in 
storage at two different times of year, November and February, and tliis 
seems to be related to the resistance of the insects, those subjected to 
refrigeration in November being less resistant than the others. The 
samples in which the mortality was 69,54, 71. 487 and 97.20 per cent wprp 
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taken in November from a warehouse where the temperature was about 
65*^ F., while those showing mortalities of 4043. 52.17, 68.86, 80.45, and 
85.13 per cent went into cold storage from a lower temperature in Feb- 
ruary. 

In Table I the perfect control obtained after 56 days at 32° F. is 
shown. , Forty-shc days’ exposure did not kill all tiie weevils within the 
beans, although, as previously stated, no live emerged adults were found. 

Tabus I . — Effect of a constant temperature of ^2° F. on Bruckus obiectus 


Ntimber of 
days in 
storage. 

Uarvae. 

Pupae. 

XJnemerged adults. 

Mortality, 
all forms. 

Num- 

ber 

alive. 

Num- 

ber 

dead. 

Mortality. 

Num- 

ber 

alive. 

Num- 

ber 

dead. 

Mortality. 

Num- 

ber 

alive. 

Num- 

ber 

dead. 

Mortality. 




Per cetit. 



Per cent. 



Per cent. 

Per cent. 

7 

56 

154 

73-73 

25 

55 

68.75 

25 

33 

56.90 

69-54 

14 

15 

91 

85.85 

30 

52 

63-41 

38 

6s 

63. II 

71.48 

14 

14 

6 

30.00 

3 

6 

66.66 

II 

7 

38.89 

40.43 

22 

16 

29 

64.44 

II 

4 

26.66 

6 

3 

33-33 

52.17 

28 

I 

284 

99-65 

I 

152 

99-35 

12 

51 

So. 95 

97.20 

31 

21 

32 

60.38 

6 

22 

78.57 

6 

19 

76.00 

68.86 

37 

14 

64 

82.05 ' 


34 

75-56 

1 I 

9 

90.00 

; 80.45 

46 

5 

i 36 ; 

87.80 

3 

16 

84.21 

3 

II 

78.57 

1 85-13 

56 

0 

185 

100.00 i 

0 

82 1 

100.00 

1 0 

46 

100.00 

1 100.00 

56 

0 

265 

100.00 

0 

91 

100.00 

i 0 

29 

100.00 

1 100.00 

61 

0 

36 

100. 00 

0 

26 

100.00 

i ° 

31 

100.00 

1 100.00 

Total. . . 

142 

1, 182 


90 

540 


1 

! 102 

304 

1 
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results with storage at 36® R. 

Seven samples of beans were refrigerated at 36° F. for periods ranging 
from 14 to 66 days. At the first examination of the samples, which 
contained 28,703 beans, 2,199 weevils were found emerged — 2,092 were 
dead and 107 alive. Samples exposed for 14, 22, 31, 37, and 46 days 
contained a sufficient number of live adults to reinfest the seeds. No 
live adults occurred among beans stored for 61 and 66 days. 

Subsequent examination of these samples showed that new emergence 
had taken place from beans stored for 14, 22, 31, and 37 days, and that 
none had occurred in the 46 and 61 day samples; but one live adult was 
found to have emerged from beans stored 66 days at 36° F. As shown 
in Table II, 200 beans from this sample contained no live larvse, pupae, 
or adults, and the presence of one live adult in the sack 3 months after 
removal from cold storage is regarded as accidental. 

The live weevils removed from samples at the time of the first examina- 
tion were kept under favorable conditions to test their powers of repro- 
duction. A few eggs were laid by females refrigerated for 32 days or 
longer, but all of Siese failed to develop. This fact tends to minimize 
the importance of the presence of a few feeble survivors. 

Table II gives the results of dissecting 200 beans from each sample 
stored at 36'^ P., and shows (as with 32° F.) that the length of exposure 
which killed all emerged adults was- not sufficient to give perfect conlrol 
of forms within the beans. As previously, stated, 6i days^ refrigeration 
killed all emerged weevils, although some survived within the beans. The 
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1,400 beans dissected contained 792 weevils, and tbe larvae showed a 
slightly greater percentage of mortality than pupae and a considerably 
greater percentage of mortality than unemerged adults. Judging from 
the conditions found in the dissected beans, 66 days at 36° F. killed all 
weevils. 


Table II. — Effect of a constant tefnpcrature of F. on Bruchns obtecius 


Number of 
days in 
storage. 

Lan^jE. 

Pupffi. 

Unemerged adults. 

Mortality, 
all forms. 

Num- 

ber 

alive. 

Num- 

ber 

dead. 

Mortality. 

Num- 

ber 

alive. 

Num- 

ber 

dead. 

Mortality. 

N um- 
ber 
alive. 

Num- 

ber 

dead. 

Mortality. 




Per cent 



Per cent 



Per cen t 

Per ceyil. 

14 

4 

22 

84. 61 

II 

21 

65. 62 

7 

17 

i °- 83 

73 - W 

22 

25 

28 

S2- 83 

4 

18 

81. 82 

7 

12 

63- 58 

61. 70 

3 ^ 

II 

17 

60. 71 

3 

27 

90. 00 

9 

19 

67. 86 

73- 25 

37 

6 

21 

77. 78 

8 

13 

61, 90 

10 

13 

56- 52 

66. 20 

46 

7 

1 24 

77. 42 

2 

18 

90. CO 

7 

17 

70. 83 

78. 67 

61 

0 

1 20 

100. 00 

I 

25 

96. IS 

5 

23 

82. 14 

91. 89 

66 

0 

220 

100. 00 

0 

58 

100. 00 

0 

32 

100. 00 

100. 00 

Total . . . 

53 

3 S 2 


29 

180 


45 

133 
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COLD STORAGE EXPERIMENTS WITH BRUCHUS QUADRIMACULATUS 

SCOPE AND METHOD 

The resistance to cold of the eggs of the four-spotted bean weevil was 
tested by refrigerating 40,000 eggs (estimated) on about 6,000 black-eye 
cowpeas, with controls estimated at 13,300 eggs on 2,000 black-eye cow- 
peas. The eggs were deposited during a period of a few days before the 
seeds were placed in refrigeration, and had not begun to hatch at that 
time. The cowpeas on which the eggs had been deposited were placed 
in four thin cotton sample bags, each containing about 4,000 seeds. 

The effect of cold upon the other stages of this insect was investigated 
by the cold storage of 12,000 black-eye cowpeas containing an estimated 
total of 36,000 weevils, with a control of 4,000 seeds infested to the same 
degree. Four sample bags were filled with the weevily cowpeas, each bag 
containing about 4,000. 

One bag of cowpeas bearing eggs and one containing weevily cowpeas were 
left in the laboratory as controls, and similar pairs of bags were placed 
in each of the temperatures tested : 20*^, 32^, and 39® F. The refrigerated 
rooms were in a modern cold-storage plant at Pasadena, Calif., where the 
temperatures were not permitted to vary more than i ° F. either way. 

The weevily cowpeas used in the trials were taken from a loo-pottnd 
bag which was “heating’' because of heavy infestation; the temperature 
within the bag varied from 95° to 100° F. (14 to 35° F. above room 
temperatures when the readings were made). About 30 minutes elapsed 
between the time the samples were taken from the laboratory and their 
storage in the cold rooms. 

The cowpeas were examined at intervals, at which times samples of 
50 or of 100 seeds were taken from each bag and transferred to the 
laboratory, where they were kept at temperatures favorable to growth 
and reproduction. 
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OF 32 days’ refrigeration ON SUBSE^^UENT EMERGENCE OF 

aduets 

The emergence of adults from three of these small lots after 32 days’ 
exposure to 20°, 32°, and 39° F. is shown in Table III. 

Tabiue III . — Emergence of Bruchus quadrimaculatus from, black-eye coiz'peas refrigerated 

32 days 


Temperature 
Qf rUrigera- 
tion. 

Interval 
between 
removal 
from cold 
storage 
and exam- 
ination. 

Number of weevils 
emerged. 

Temperature 
of refrigera- 
tion. 

Interv^ai 
between 
removal 
from cold 
storage 
and exam- 
ination. 

Number of weevils 
emerged. 

Male. 

Female. 

Total. 

Male. 

Female. 

1 

Total. 

°F. 

Days. 




°F. 

Days. 




! 20 

7 

0 

0 

0 

3 Q 

7 

2 

I 

3 

20 

16 

0 

0 

0 

^0 ... 





20 

23 

0 

0 

0 

39 

23 

2 

2 

4 

20 

: 31 

0 

0 

0 

39 

31 

0 


0 

20 

52 

0 

0 

0 

39 

52 


0 

0 

20 

75 

0 

0 

0 

39 

75 

0 

0 

0 

32 

7 . 

0 

0 

0 

Control . 

7 

! 7 

! 6 i 

13 

32 

16 

0 

0 

0 

Do. 

16 

i 10 

i 4 ^ 

14 

32 

23 

0 

0 

0 

Do. 

23 

i 7 

! 8 1 

15 

.^2 

31 

0 

0 

0 

Do. 

31 

i 25 

i 14 ^ 

39 

32 

52 

0 

0 

0 

Do. 

52 

I 21 

; 19 

40 

32 

75 

0 

0 

0 

Do. 

75 

i 29 

i 

! 21 

1 

50 


The data in Table III indicate tliat 32 days of refrigeration at 20 ° or 32® 
F. will kill all forms, but that a longer time at 39° is necessary to Mil 
all infestation within the cowpeas. 

EFFECT OF LOW TEMPERATURES ON IMMx\TURE STAGES OF WEEVILS 

These low temperatures cause a dark spot to appear in the middle of 
the dorsal region of the larvse. As this spot enlarges it becomes sur- 
rounded by a lighter band, and when approximately the middle one- 
fourth of itie dorsal region becomes discolored the tissues beneath the 
integument soften and the larva dies. The same signs of injury can be 
observed in young pupse. 

EFFECT OF REFRIGERATION ON LARV.E, PUP.E, AND UNEMERGED ADULTS 

As previously noted, a small lot of cowpeas was removed from each 
bag in refrigeration at the time of each examination. Some of these 
were dissected a few days after refrigeration; others were kept as long 
as seven months. Table IV gives the data obtained by the dissection 
of these samples. The dissection of 13 cow^peas four da^^s after remov- 
ing them from refrigeration at 20° F. for ii days showed 20 per cent 
of the weevils to be alive, but the other 37 cowpeas of the same sample 
subsequently produced no adults. This indicates that although 20*^ F. 
does not kill all the unemerged w^eevils immediately, it injures them to 
such an extent that they die before emerging. 

The indications of the foregoing data are that 'weevils emerge from 
cowpeas refrigerated at 39^ F. for ii and 18 days, respectively, but 
not after exposure to this temperature for 25 days (ihough this is 
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not in agreement with the results of 32 days' exposure to 39° F,, as 
shown in Table III). Eleven days’ exposure to 32° or to 20^ F. gave 
a complete kill, judging from the conditions found in the samples, while 
I '8 days’ exposure to 39*^ F. did not kill the infestation. 

TabIvE IV. — Results of dissection of refrigerated cowpeas 




cd a 

■-3 



Stages dissected from cowpeas. 



.9 

S 

S pi 

vi ca 

a 0 

Number, of cowpeas 
sected. 

Adults. 


Pupce. 

Larv'a*. 



Temperature. 

'C 

a 

.2 

P 

Interval betwee 
frorn refrigerati 
section. 

Alive. 

Dead. 

Emerged before 
dissection. 

Alive. 

Dead. 

Alive. 

Dead. 

Total. 

Dead. 

"F. 

20 

Days. 

4 

Days. 

10 

50 

3 

7 

0 

7 

8 

9 

27 

61 

Per cent. 
69 

20 

II 

4 

13 

0 


0 

2 

S 

I 

I 

US 

80 

20 

II 

Months. 

7 

37 

0 

8 

0 

0 

10 

0 

lOO 

II8 

ICO 

20 

18 

7 

SO 

0 

17 

0 

0 

33 

0 

106 

IS6 

100 

20 

25 

7 

SO 

0 

20 

0 

0 

40 

0 

89 

149 

100 

20 

32 

6 

100 

0 

34 

0 

0 

82 

0 

184 

300 

100 

32 

II 

6 

50 

0 

15 

0 

0 

29 

0 

87 

131 

100 

32 

18 

6 

SO 

0 

19 

0 

0 

52 

0 

94 

165 

100 

32 

25 

6 

50 

0 

23 

0 

0 

6S 

0 

72 

160 

ICO 

32 

32 

6 

100 

0 

28 

0 

0 

ti 3 

0 

236 

347 

100 

39 

II 

6 

so 

0 

12 

8 

0 

37 

0 

97 

154 

95 

39 

18 

6 

SO 

0 

22 

4 

0 

42 

0 

88 

iS6 

97 

39 

25 

6 

SO 

0 

21 

0 

0 

47 

0 

80 

148 

100 

39 * 

32 

6 

100 

0 

18 

0 

0 

70 

0 

261 

349 

100 

Control 

1 

4 

100 

3 

9 

48 

93 ^ 

17 

II 

12 1 

302 

49 


EFEEJCT OF RE^FRIGFRATION ON THE VIABIEITY OF THE EGGS 

Table V shows that four days’ refrigeration at 32° or 20° F. is suffi- 
cient to prevent all eggs from hatching; a temperature of 39° F. for 
the same length of time, however, leaves some eggs viable. Of the eggs 
removed from a temperature of 39° F. after four days’ refrigeration 
and exposed to favorable temperatures, three hatched and one of the 
three larvse developed and emerged. 


Table V. — Effect of refrigeration on the viability of eggs of Bruchus quadrimaculaius 


Duration of 
refrigeration. 

Tem- ! 

pera- 

ture. 

Num- 
ber of 
beans 
re- 
moved. 

Num- 
ber of 
eggs. 

Num- 

ber 

hatch- 

ed. 

Duration of 
refrigeration. 

Tem- 

pera- 

ture. 

Num- 
ber of 
beans 
re- 
moved. 

Num- 
ber of 
eggs. 

1 

Num- 1 
ber j 
hatch- 1 
ed. 1 

. , i 

Days. 

^F. 




Days. 

“F. 



1 

4 . 

20 

50 

a 

0 

25 • 

32 * 

50 

a 

0 i 

II ...... 

20 

50 j 

a 

0 

32 

32 j 

100 

656 

0 ( 

18 ..... . 

20 

50 j 

a 

0 

4 

1 39 1 

50 

a 

^ 3 ! 

25 . . ....| 

20 

50 1 

a 

0 

II 

39 

50 i 

a 

0 1 

32 - 

20 

100 

664 j 

0 

18 , 

39 

50 

a 

0 

4 ..... . 

32 

50 i 

0 

0 

25. ....... 

39 

50 

a 

0 

II . 

32 

50 

a 

0 

32 

39 

Too 

697 

0 

18...... 

32 

i " 

a 

0 

Control, . . 


100 

; 662 

456 


« Not counted. 6 Produced i adult. 
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A comparison of Tables IV and V shows that the eggs are more easily 
killed by low temperatures than the more advanced stages. 

SUMMARY 

BRUCHUS OBTHC'TUS 

Exposure of larvae, pupae, and adults of Bruckus obtectus, infesting 
California pink beans, to 32°, F. for 56 days or to 36® F. for 66 days gave 
very satisfactory control. Considerably shorter periods of exposure 
rendered the surviving adults incapable of reproduction. 

BRUCHUS QUADRIMACUBATUS 

A temperature of 39° F. for 32 days was insufficient to kill ^11 stages 
within black-eye cowpeas. All stages were killed when subjected to 
32° F. or colder for 32 days. 

The eggs were killed by four days' refrigeration at 32*^ or 20° F., but 
a longer time was necessary to kill them at 39°. They were more sus- 
ceptible to cold than the other stages. 
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THE EFFECT OF RUST INFECTION UPON THE WATER 

REQUIREMENT OF WHEAT ^ 

By Frbeman Weiss 

Fortmrly Agents Office of Cereal Investigations ^ Bureau of Plant Industry, United States 
Department of Agriculture, and Assistant in Plant Physiology, University of Min^ 
nesota, now Pathologist, Office of Cotton, Truck, and Forage Crop Disease Investigations 

INTRODUCTION 

During years of severe rust epidemics, such as those which the spring 
wheat sections of the northern Mississippi Valley and the prairie Provinces 
of Canada experienced in 1904 and 1916, and in other years, attempts 
have been made to estimate the loss suffered by the wheat crop as a 
direct result of the rust. Such attempts usually have been based upon 
the comparative yields in rust years and the average yield over a number 
of years in which rust was absent or not severe. It has not been pos- 
sible to compare directly, on a large scale, the ^delds of rusted and rust- 
free fields where variety, soil type, and growing conditions are similar, 
because during rust epiphytotics nearly all fields are too generally 
affected. Furthermore, as a characteristic sequence of weather condi- 
tions usually occurs in rust years, it has been impossible wholly to differ- 
entiate the effect of rust from that of climate. 

A scientific basis for apportioning the responsibility between the rust 
and the departures from normal weather is attainable only through the 
artificial maintenance of rusted and rust-free plots in which all circum- 
stances are otherwise similar, and by noting the effect on reduction of 
yield as the several growth factors are varied. The factors which most 
require this sort of investigation are those associated with fertilization and 
moisture content of the soil, but an examination of the literature of the 
cereal rusts affords only meager information in respect to each. 

As a beginning in this line of investigation, experiments were planned 
to determine the effect of rust infection upon the water requirement of 
the wheat plant and the influence of different conditions of nutrition on 
the water relations. It was believed that such data might be useful as a 
basis for separating the factors of climate and parasitism in the reduced 
yield of rusted wheat, particularly as regards the water requirement. 
It was desired further to compare the results of these cultures with those 
of soil-grown greenhouse and field plants in respect to the relation of fer- 
tilization to rust infection. Accordingly, this paper is divided into two 
parts, one of which deals with the effect of rust infection upon the water 
requirement, and the other with the influence of certain mineral nutri- 
ents on susceptibility to rust and injury from it. 


1 Acc^ted by the Office of Cereal Investigations, Bureau of Plant Indnstrj% United States 'Departmeiit 
of Agriculture, July, 1922. Received for publication by the Journal of Agricultural Research Oct, 16, 
J923, Published, with the approval of the Director, as Paper 416 of the Journal Series, Mmnesota Agricul- 
tural Experiment Station. 

The investigation herein reported was conducted cooperatively between the Office of Cereal Investiga- 
tions, U, S. D. A., and the Department of Agriculture of the University of Minnesota. It was undertaken 
as a part of the general project on the effect of soil nutrients on the development ,of st>em rust and orange 
leaf rust of wheat. 
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EFFECT. OF RUST ON WATER REQUIREMENT 

REVIEW OF literature DEALING WITH EFFECT OF PARASITIC INFECTION 
ON THE WATER REQUIREMENT OF PLANTS 

The literature of transpiration which relates to the effect of parasitic 
infection on the water use of the host is not extensive. Burgerstein (6)® 
cites the work of Miiller-Thurgau (ii) who, using the cobalt-chlorid 
paper method, measured the alteration in transpiration rate induced by 
infection of pear and apple leaves by scab and mildew fungi. Leaves 
infected by Fusicladium showed, in the diseased areas, increased trans- 
piration as compared with adjacent healthy portions, especiall}^ if the 
upper leaf surface bore the lesion. Sphaerella, on tKe other hand, caused 
no marked change, while the lesions produced on grape leaves by Perono- 
spora viticol a ' (sic) lost almost no water at all, due to stoppage of the 
stomata by the conidiophores. 

Blodgett (2) observed that a shoot of Rubus, heavily infected by Gym- 
nocoiiia, took up nearly twice as much water as a comparable healthy 
branch, yet its leaves wilted while those of the latter remained turgid. 

Reed and Cooley (ij, 14) measured the water loss from healthy apple 
leaves as compared with those infected by Gymnosporangium, making 
the determinations on leaves in situ and using an apparatus in which the 
transpired water could be absorbed and weighed. Under all conditions 
the amount of water transpired by infected leaves was less than that by 
healthy ones, the reduction being about 2 5 per cent. This was attributed 
to hypertrophy of the spongy parenchyma, reduction of intercellular 
spaces and the filling of these by fungus hyphae, and to the absence of 
stomata on the aecial cushions. At an early stage of infection the trans- 
piration of affected leaves was not much less than that of sound ones. 
The reduction of transpiration was greatest at full development of the 
aecial cushions together with spore liberation. A rise in the rate of 
transpiration of rusted leaves occurred later when the lesions were sur- 
rounded by extensive areas of dead tissue. The possibility of an intoxi- 
cating effect on the host cells produced by fungous excretory products 
.also was suggested. 

Rust infection of cereals was found by Humphrey^ and by Weaver {22) 
to cause accelerated transpiration. Weaver grew wheat, rye, barley, 
oats, and com infected by stem and leaf rusts and compared the water 
loss under a variety of light and temperature conditions with that from 
uninfected controls. The amount of transpiration was determined by 
weighing the sealed pots at intervals and was expressed in grams per square 
centimeter of leaf surface. The rate was consistently higher in the rusted 
plants, the excess being greatest under environmental conditions favoring 
rapid water loss. A quantitative relation between acceleration of rate and 
area of the pustules was demonstrated. So slight an infection of oat 
leaves as involved only 0.5 per cent of the leaf area caused the trans- 
piration rate to rise by 37 per cent. On the other hand dicotyledonous 
plants such as Xanthium, Helianthus, and Dianthus, when attacked 
by rust, either lost less water by transpiration than uninfected ones, or 
showed a slight acceleration when the pustules appeared, followed by a 
reduction if infection remained restricted to the original leaves. 


5* Reference is made by number (italic) to ‘‘Literature cited/* pp. 117-118. 
s Humphrey, H. B. Unpublished data cited by J. E. Weaver (aa). 
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Reynolds (15) had previously described the effect of infection of apple 
leaves by Gymnosporangium, and of Xanthium by Puccinia xaniki% upon 
the tissue and cell morphology of the host. In general, the rusts were 
found to produce hypertrophic changes, but the separation from the 
mesophyll and the rupture of the epidermis at pustule formation exposed 
iincutinized cells to the drying efects of the atmosphere, resulting in 
atroph}^. In Xanthium the loose organization of the mesophyll in 
health}^ deaves is altered in rusted ones to a compact tissue composed of 
mycelium and empty host cells. The rrork of Ward, Evans, and others 
showed that in the grass rusts atrophic changes in the host cells do not 
appear until extensive development of the rust mycelium prior to pustule 
formation. In the case of resistant hosts, Stakman (17, iS) found that 
disorganization of the chloroplasts followed by death and disintegration 
of the cells occurs in proximity to the invading germ tube. 

Weaver rightly considered that rupture of the epidermis and death 
of the chlorenchyma cells in the infected area produce the marked 
acceleration in transpiration evident at pustule formation. He believed 
that toxic excretory products of the parasite also might stimulate trans- 
piration, but are of slight importance in the cereal rusts. It was pointed 
out that transpiration may not always be an index of growth, for water 
loss from infected plants is excessive and bears no relation to the produc- 
tion of new substance. He did not determine the correlative transpira- 
tion, or amount of water transpired per unit of weight. The question of a 
sustained accelerating effect of rust infection on transpiration was raised, 
and the statement made that after the first pustules erupted no further 
change in rate was evident, the accelerated rate being maintained by the 
appearance of new pustules. 

Dufrenoy (<?) has given an interesting summary of the effects produced 
by a number of parasites and epiphytes on the transpiration of their 
hosts. Chlorotic areas of variegated leaves, and such as surround points 
of infection, transpire less rapidly than the green portions; the red- 
pigmented areas surrounding lesions caused by Poiystigma rubra on plum 
leaves transpire more rapidly, contrary to the behavior of anthocyanin- 
containing ceils generally. A number of parasites accelerate transpira- 
tion, owing to localized necrosis, rupture of the epidermis by fruiting 
bodies, or the production of overgrowths, although some wfftches' brooms 
appear to be xerophytic modifications. As the same effect sometimes is 
shown by epiphytes, changes in permeability of the host cells are involved 
also. A table is given which shows that among diverse hosts and para- 
sites the transpiration of infected, as compared with healthy, leaves and 
parts of organs varies in a ratio of 0.5 to i to 100 to i. The results were 
obtained by the use of hygroscopic paper. 

It is to be noted that in none of the experimental demonstrations of 
acceleration of transpiration rate produced by parasitic infection ivhich 
are reviewed above has^ the ultimate effect" on the water economy of the 
host been determined. This w’ould seem to . be the most logical criterion' 
of the general effect on the plant’s water relations caused by parasitic 
attack. 

Burkholder (7) has taken this into account in his study ■ of the reduc- 
tion in yield of beans resulting from , infection by Fusarium rootrot..' 
Infected plants gave only about half the dry weight of seed yielded by 
controls' and transpired less water, the reduction amounting to about 
50 per cent at soil temperatures .of .18^ and 26^^ C. Transpiration '.thus 
appeared' to be an approximate 'mdex of .growth. ■ 
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Wimmer (25) showed that the water requirement of sugar beets and 
ceiery is increased by nematode infection, and believed this to be due to 
the slower growth of such plants. It is well known that the “compound 
interest law of plant growth'’ (i) falls far short of realization when 
growth is abnormally slow, and lowered water economy results also. 

That parasitic fungi may affect the water relations of the host in other 
ways than by mechanical rupture of the tissues which normally protect 
the transpiring tissues, or by causing less economical use of water owing 
to retarded growth, is evident from the work of Haskell (9), who showed 
that in Fusarium wilt of potatoes, either the destruction of roots or the 
production of toxic excretory products by the fungus may be responsible 
for wilting of the plant, but mechanical stoppage of the vessels does 
not occur. The effect on water requirement is unknown. 

Fungous infection may result either in acceleration or diminution of 
transpiration. The character and intensity of the effect are determined 
by the mechanical rupture of protective tissues, by local necrosis of the 
epidermis or mesophyll, or by toxic excretions, all of which result in 
accelerated water loss. On the other hand, transpiration may be dimin- 
ished by hypertrophy of the chlorenchyma, reduction of air spaces, and 
number of stomata, by production of inhibitory excretions, by alteration 
of the osmotic relations of the infected cells and by injury to the water- 
absorbing parts. 

The final or aggregate effect of rust infection on the water requirement 
of cereals has not been adequately determined. Since Weaver’s results 
were secured vdth seedlings for a short growth period, it seemed that 
further work was necessary to obtain evidence in regard to the following 
three questions : 

Is the transpiration of rusted wheat plants sustainedly greater than 
that of healthy plants throughout the growth period ? 

Is the amount of water transpired for the production of a unit weight 
of plant substance greater in rusted than in healthy plants, and are grain 
and straw production affected in the same way? 

Is the effect on water requirement diff'erent in the case of infection by 
leaf rust and by stem rust, and is this effect related to differences in char- 
acter and sizes of pustules ? 

EXPBRIMENTAU METHODS 

Marquis wheat was selected for the experiment, together with several 
strains of stem rust which produce large confluent pustules and no 
chlorosis on this host, and a mixture of collections of leaf rust to which 
this variety was readily susceptible. The plants were grown in Wausau 
quartz sand of a grade having a moisture equivalent of 3 per cent and a 
maximum water capacity of about 12 per cent. Crocks of one-half gal- 
lon capacity, provided with a drain at the bottom, served as pots. Two 
thousand eight hundred gm. of air-dry soil were placed in each. Three 
hundred cc. of nutrient solution were added, thus bringing the water 
content close to the maximum capacity, and one plant was set in each 
crock. The soil moisture content was maintained by weighing the 
a'ocks first at weekly and tlien at three-day intervals, and water was 
added to restore the base weight. The crocks were sealed with wax 
so that water loss was restricted to the plant. Although in the latter 
part of the growth period transpiration became very great, owing to the 
high diurnal temperatures in the greenhouse, there was no indication of 
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wilting at any time; and since the soil water-content was brought back 
to maximum at three-day intervals, it is believed that these plants made 
their growth under very favorable' conditions of soil moisture. Therefore 
the reduced yield shown by infected plants should be attributed to the 
rust and not to lack of sufficient moisture for normal growth at any stage 
of development. 

Mineral nutrients were supplied in solution as stated. The composition 
of the different nutrient solutions used is shown in Table I. As a basic 
solution Shive's (16) R3C3 was used containing Ca(N03)2, KH2PO4 and 
MgS04 in the gram-molecular proportions 0.0078, o.oioS, and 0.0030,^ 
respectively, and 5 cc. of ferric phosphate solution [Tottlngham (/p)] 
was added to each liter. Stock solutions of the salts were made up in 
half or quarter molecular concentration, and diluted at the time of 
using. The complete nutrient solution was made up fresh for each 
renewal. 

To the basic nutrient solution, nitrogen as NO3, phosphorus as PO4, 
and potassium as chlorid, were added in two concentrations to form six 
modified solutions, the added salt in each case being one which did not 
introduce any cation under test. (See Table I.) The concentrations 
of added ions were of the order that would result from the application of 
300 pounds of sodium nitrate, 420 pounds of sodium biphosphate, and 
260 pounds of potassium chlorid per acre, for the lower concentration, 
and double these quantities for the greater concentration, assuming that 
all the added salts would be retained in the surface foot. 


Table I . — Composition in grams and gram-molecules per liter of the fiuirient solutions 

used in 11 different cultures 


Component salts. 

00 

OA 

OB 

lA 

IB 

IIA 

IIB 

IIIA 

IIIB 

IVB 

VB 

’Ca(NOs)s: 

Gm 

I. 279 

0. 007S 

I. 279 
0. 00 7S 

I. 279 
0. 0078 

1.279 
0. 0078 

I. 279 
0. 0078 

I- 454 

1.279 
0. 0078 

1-279 
0. 007S 

1-279 
a 0078 

I. 279 
0. 0078 

I. 279 
a 00 78 

1. 279 

0. 0073 

Gni. mols 

NaNOs: 





0.00S5 

1.471 

0. oioS 







KHSPO4: 

rv 47 i 

0 - 0108 

1.471 

0. oioS 


1. 471 
a oioS 

1.471 

1-471 

1-471 
0. oro8 

1.471 

0. oioS 

I. 471 
0. 0108 

1.471 

0. oioS 

Gm, mols 

0. 0108 

NaH*PO^: 


2.050 
0. 0171 

0.361 i 
0. 0030 












MgS 04 ; 

Gm 

i 

0. 361 

0. 0030 

: 0. 361 
, 0. 0030j 

: . i 

0. 361 
0.0030 

I 

0.361 

1 0.0030 

i 

0.361 
0. 0030’ 

i 0. 361 

1 0. 0030 

0. 361 
0. 0030 

0. 361 
a 0030 

0. 361 
0- 0030 

Q.361 

0. 003O' 

1. 629 

0. 0171 

Gm. mols 

MgCls: 

fim . .... 

Gm. mrils 










CaCIs: 

rim 




i 


i 




I- 896 
0. 0171 

Gm. mol.s 












XCI: 

Gm 




1 




0. 634 
0. 00S5 

I 1.274 

1 0. 0171 


Gm. molR ...... 




I 






XaCi; 

Gm 



2.C«3iO 

0*0171 


1 





Gm. TTinls . , , 


; o- 00S5 





















A further modification of the basic solution was prepared by adding 
NaCl in the same molecular proportions as in the case of those, salts of 
direct nutrient value in order to produce an osmotically equivalent® 


Sliive’s solHtionactualiy, contained o.ctoao'gni. mols. of MgSOi, but the other oi his, two best solntlons 
for wheat contained 0.0150; hence this slight change was made. 

* Since these solutions were all prepared in gram-molecular rather tlian equivalent-molecular proportion^ 
and since dissociatioii varies in the erent salts, they are only approximately isosmotic. This is not con- 
sidered to be significant as the solutions' were employed in this experiment. 
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modification of the basic solution which contained no added ions of 
direct value. Two further modifications were prepared, one containing 
0.017 1 gram-molecules of CaCl2 per liter, the other an equivalent .quantity 
of MgClg. Eleven different solutions were used in all, each applied to 
four crocks. 

The nutrient solution was renewed at intenj^als of three weeks by 
opening the drain at the bottom, of the crock and flushing the sand with 
fresh solution. When the solution ceased to drain from the openings 
the crocks were weighed for a new base weight. As in all cases the 
amount of solution retained approximated the maximum water capacity 
of the soil, the successive base weights were in fairly close agreement. 

The plants were grown from November to June. The long growth- 
period and slow development during the winter resulted in a high water 
requirement as compared with field-growm plants. It was March before 
heading began and the end of May before the majority of the plants 
were ripe. It appears that length of day is an important factor in con- 
ditioning the time of maturity of greenhouse-grown wheat. It was 
necessary to cut the plants before all of them, particularly those in the 
excess N and K series, were fully ripe: the data from these are not 
considered in the summary, but a majority of the plants had plump 
hard grain at this time. The yield was rather below that of field-grown 
plants, the average for the three series of stem rust, leaf rust, and control 
plants translated into terms of bushels per a;Cre being 9.6, 9.1, and 11.5,. 
respective^. Certain cultures (four crocks), however, yielded at the rate 
of 20 to 25 bushels per acre and the best individual plant on a similar 
basis yielded 34 bushels per acre. 

Three series of crocks were treated with each of the 1 1 culture solutions. 
One of these was left uninoculated as a control; in the second and third 
infection b}^ stem rust and by leaf rust, respectively, was produced by 
artificial inoculation. Leaf-rust infection was readily obtained by atom- 
izing the plants with a water suspension of urediniospores, but this 
method was unsuccessful with stem rust. With the latter, initial infec- 
tions were produced by moistening the leaves and then applying dry 
urediniospores, following which steam was allowed to escape into the 
house for 48 hours while the ventilator remained open. In this way a 
nearly saturated atmosphere and dense fog could be maintained for two 
days at a time, resulting in copious precipitation of dew on the foliage. 
This process was repeated at montlily intervals to simulate the succession 
of new infections that occurs in the field. By these means a severe 
epiphytotic of stem rust was maintained, and a lighter one of leaf rust, 
during more than half of the growth period. In each case fairly uniform 
infection was produced on lie replicate crocks of a culture, although 
some diversity in this respect could not be avoided. 

The quantity of rust was estimated at the time of heading according 
to the rust scale of the Office of Cereal Investigations; but it is to be 
noted that at this time the amount of leaf rust was less than it had been 
at an earlier stage, while the stem rust was at a maximum. At maturity 
the tops were cut at the soil level, dried for two days at 105^ C., and 
weighed. The grain was then hand threshed, dried again, and weighed. 
The data for the various cultures in each series are presented in Tables 
II and III. A direct comparison is thus permitted of a set of plants free 
from rust with a set each of leaf-rusted and stem-rusted plants which 
grew under identical conditions. Since there were only four plants in 
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each culture, great reliance can not be placed on these results; yet, taking 
into account the extent of agreement within each culture indicated by the 
computation of the probable error, certain significant differences appear 
to result from some of the treatments. 

Table) II. — Yield atiA water requirement of Marquis wheat plants growm hi each of ten 
cultures, consisting of four replicate croc^, in rusted and rust-free series 


Culture. 


Yield. j 





Tops. 

Grain. 

water used. “ 

Gm. 

19. 484 ± 0. 893 
20 . 751 ± .812 
19 . 2 I 9 ± . 763 

Gm. 

2. 304 ±o. 230 
2 . 638 ± .527 
3 . 320 ± .220 

Cc. 

6,524±307 

6 ,S 22 ± 3 oS 

6 , 625 ± 2 oS 

16 . 8 i 7 ±i. 4 

18 . SS 4 ± .067 

17 . 063 ± I. 82 

l. 4 xo± . 23 S 
I- 797± • 2 S 6 
l- 9 xxdb .560 

6 , 226±247 
6,451 ±244 
6 , 348^163 

18 . 123 ± .36 
! 21 . sso±i. 26 

1 20 . 972 ± .491 

i.7i7± *283 
l- 862 ± .345 
2‘453± -246 

6, 865 ±169 
6 , 167 x 163 

6 , 706 ± .33 

1 21 . 23 S± .378 

1 24. 496 ± .307 

1 23 . 7II± . 797 

i. 670 ± .337 
2.3S5± -503 
2 . 868 db .323 

7.tSS2±i59 

7» I 45 ± 2 I 9 

6 , 625^:129 

1 21 . I 38 ± . 122 
' 23 . 953 ± .423 
, 2 S. 824 ± .433 

i. 263 ± .339 
I. 744± .288 
r-i 23 db .258 

6,78s± 71 

6, 633 ±161 

7, 022 ±164 

. 19 . 563 ^ 1 . 55 
■ 23'430± -507 

l.93X± .215 
x-37S± *242 

6 , 358^294 j 
6,9I9±xi7 

1 16 . 924± .31 
, i9‘677± *332 

0 . 893 ± -46 

i 1 . 256 ± .396 

i 

6 , 109 db 8 
6 , 443 ± 20.4 

. I9-307± -824 
. i8.379=b .888 
. 21 . 63 S± .671 

1 X. S98±, - 534 
i X. 394 i: .266 
I X. 738± .392 

6 , 189^:291 
S,983± 88 

6 , 646 ± ISO 

20 . 3:22db -535 3 - 3 S 6 ± .315 
19 . 12 I± . 526 , 4 . o69db .390 
. 23 . 82 S± -373 S- 6 o 5 ± .212 

6 ,oi 6 ± 2 iS 

5 , 445 ±242 
6 ,& 8 ±ii 6 

20 .s 62 ±i. 72 { 2 . 236 ^: .442 
14 . 2 SS±i. 32 ! 0 . 986 ± -438 
22 . 155 ± . 573 ' i. 8 S 5 i: .402 

) 

S» 8 i 6 ±iii 

i 4 iS88±337 
6,657±i78 


Water requirement. 


Tops- I Grain, 


Per cent rust. 


OO: 


OA: 


Stem rust 

Leaf mst 

Control 


OB: 


Stem rust 

Leaf ntst 
Control. . 


lA; 


Stem mst 

Leaf rust 
Control. . 


336 ± 5-0 
32 S± 5.9 
346 d: 6 . 8 


3 .' 079 ± 389 : 
2 , 676 ± 2 £ 4 | 
2 . 044 ± 132 :' 


' 2 S± 6*9 


3So±2o. o 1 7,645± 275] 

342± 3. 5 i 4 j300± 192] 

327 ± 8. 6 j 3 ,siS± S 3 | 

379± I' 7 ! Sj630±i,646' 
293 ±I 7-5 I 4 j 735 =fcx>oi 9 i 
324 ± s-i 2 j 964 ± 369 ! 


35 ±13 


IB: 


Stem rust . 
Leaf mst . . 
Control — 


Stem rust . . . 

Leaf rust 

Control. 


IIA: 


Control 

IIB: 

Stem mst . 

Control 

IIIA: 

Stem mst . 
Leaf rust . , 
Control . . . . 


IV: 


VB: 


Stem rast . . . 

Leaf mst 

Control 


Leaf mst . 
Control. . . 


357±I2. o 
291 ± 7 * 2 
259 i: 23 - O 

327 ±IS- o 
277db 3. 9 
272i: 2.9 

333 ±i 6 . 0 
309± 3* 5 

362 ± 7-6 
328± 9. 1 

32o± 5-3 
327± 6.8 
307 i 2.0 

299± - iS: 

2S5d=io. o 
2S6db 4- 2 

293 ± 5-7 
327^:14,0 

30X± 4-5 


40 ±il 

Tr. 


6,146^:2,713 65 ± 5-4 

3,094± 154! 

2, 94Si 266! 


9* 749 ± 2 , i 2 o| 
4 » 973 :±Jji 7 l 
S, 148 ± I, 27 s j 


30± 4-9 

Tr. 


Tr. 


4 . 3 S 7 ± 987 ! 2 Sd 
6, 252±2, 169; 

7>973± iSol 45 d 
5 , 5 iS± 624 ! 


4 ,'iS 9 ± 4 ^ 0 : 3 i - 6 : 

5,S98± 976 ; Tr. 
4 j2S9± S 74 I 


Xt 937 A 257 ! ^ 5 ± 2-9 
lr 4 o 6 ± HI] 

Xf 223 db 3 X 1 


Tr. 


2 ). 65 S± 756 ! 8 ± 1.3 

5.293± 795l-..- 

3.6i9± 2Io| 


b S±i. 7 
Tr. 

4 

8 ± .94 


9±I;3 

Tr. 


xS±j .3 

Tr. 


32dbl. 6 
Tr. 


Tr. 


2 i: .06 
Tr- 


.67 

1 

6± .94 


Q Indicates stem-mst infection. 
b Indicates leaf-mst infection. 


Table III . — Influence of stem rust and leaf rust on yield and water requirement of 
Marquis wheat, based on average results from ten different nutrient cultures, each con- 
sisting of four crocks ® 


Culture. 

Dry weight, mean. 

Water used. 

Water requirement. 

Per cent mst. 

Stem rust: 

Tops 

Grain. 

Gm, 

19-327^0*345 

i.838± .139 

2 1. 652 d: .526 
2.3S3± -272 

2o.i 78± .801 
2.0l5zb -219 

6,444±I09 

Cc, per gm, 

339 ± 6-5' 
5»333±59t 

3od± s-S" 

4f004d:459 

'3oS± 8,7- 

30±S 

Control : 

Tops - 

Crain 

6,679^; 41 1 

, .5± -3 

Leaf rust: 

Tops 

. Grain 

6,i54±io6 

IO±I 





a Data from tlie immature plants, including culture IIIB in all series, and the plants in culture IIA and 
IIB of the leaf rust series are omitted. 
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DISCUSSION 

An examination of Table III shows less difference in yield of tops and 
grain, and of water requirement based respectively on tliese, than might 
be expected. It is to be borne in mind, however, that the reduction in 
yield is not in this case complicated by diminution of the soil moisture 
to a dangerous point, as frequently occurs in the field when drought and 
rust are coincident. Furthermore, the prolonged growth period un- 
doubtedly resulted in an abnormally high water requirement for all cul- 
tures, whether rust-infected or not, and tended to eliminate more marked 
differences that might have been evident in a shorter period of rapid 
growth. 

In connection with their extensive researches on the water requirement 
of crop plants, Briggs and Shantz (j, 4, 5) summarized the results reported 
by earlier investigators. Thus the water requirement for wheat (tops), 
as reported in literature, ranged from 235 found by Lawes at Rotham- 
stead to 554 found by Leather in India. The results here reported lie 
well within this range. Briggs and Shantz found the average water 
requirement for six varieties of wheat to vary from 400 to 500 in different 
years. The water requirement based on grain production, in the present 
instance, is abnormally high in nearly every case, being comparable to 
tliat reported originally by Briggs and Shantz for plants growing under 
conditions unfavorable to economical use of water, and more than twice 
the figures given in their later papers {loc. cit .) . However, at least one 
culture, IVB of the control series, compares favorably with their results 
in ail respects. The following conclusions seem to be warranted by the 
data : 

Infection by either stem rust or leaf rust results in a significant reduc- 
tion of yield of tops and of grain that is independent of the soil moisture 
supply, and this reduction is evident with only moderately heavy infec- 
tion. Taking the figures for the stem rust and control series at face 
value, it appears that an amount of rust estimated at 30 per cent may 
cause a 20 per cent reduction in yield even though the soil moisture 
content remains at a favorable level. 

Accompanying the reduction in yield, there is practically as great use 
of water as in healthy plants; that is, rusted plants have a higher water 
requirement, based on yield of both tops and grain. This is shown to 
be significant only in the case of stem rust and is of a higher order for 
grain than for total diy matter. The lesser effect on yield of tops, 
resulting from rust infection, is probably due to the fact that the soil 
water supply was at all times sufficient; under field conditions dry weather 
may greatly diminish the yield of the entire plant. 

The effect of rust in diminishing yield and increasing the water I'equire- 
ment seems less likely to be due to increased transpiration, resulting 
from rupture of the epidermis at postule formation than to other causes, 
for the total amount of water used by rusted and healthy plants is about 
the same. Leaf rust, which produces but slightly erumpent pustules as 
compared with stem rust, and hence less injury to the epidermis, also 
depresses yield, more particularly that of grain, but also of tops, though 
in each case to a less extent. Chief among the causes of yield reduction 
arising from rust infection are to be reckoned the destruction of chloro- 
plasts in the infected tissue and the drain on the elaborated food reserves 
of the host. 
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EFFECT OF CERTAIN MINERAL NUTRIENTS ON DEVELOPMENT OF 
RUST AND INJURY TO HOST 

The original plan of this investigation included an extensive study of 
the effect of mineral nutrition upon the host as regards its susceptibility 
to rust infection and the injury it suffers therefrom. Oving to the fact 
that it was not possible to repeat the experiment described in Part I of 
this paper, or to extend the investigation along different lines, it seems 
best to draw no conclusions in respect to these questions from the limited 
data at hand. Certain tendencies were noticeable, however, as regards 
the performance of the plants under some of the treatments, and the 
data from all cultures which attained approximate maturity are pre- 
sented in Table IV, arranged to show the effect of the mineral nutrients 
on the yield and quantity of rust. 


Table IV . — Influence of different culture media on average yield and water requirement 
of two cultures of Marquis wheat, one rusted and one rust-free, each consisting of four 
replicate crocks 



Yield- 


Water requirement. 

Aver- 
age, per 

Culture. 

Tops. 

Grain, 

Water 

used. 

Tops 


Grain. 

centage 
of mst 
for two 
infected 
cul- 
tures. 

00...... 

Gm. 

i9.8l8io.822 

Gni. 

2 . 754 ±o .326 

Cc. 

6 , 657±274 

336 ± 

5*9 

2,6oo± 258 

17 

OA 

17. 588^1.095 

i.7o6± .361 

6,342±2i8| 

35o± 107.0 

5 . 154 ± 173 

i 24 

OB 

lA 

20.2I5± .703 
23. 147 ± *494 

2.oii± .291 
2.298± .387 

6 , 579 ±i 25 j 

7, 107 ±169: 

332 ± 

302 ± 

8.1 

10.4 

4 , 443 ±i ,043 
3, giS±i, 044 

25 

42 

IB. 

23. 638 ± .326 

i. 377 ± .261 

6,8i3±i32 

292 ± 

7.2 

7 » 623 ±3, 567; 

31 

IIA« 

20. 997 ±1.028 

i.653± .228 

6 , 639±205 

321 ± 

9.7 

5,305^1.578 

13 

IIB^i. . . . 

x8.3oo± .321 

i.o75± .428 

6, 2 76 ±106 

345 ± 

S -3 

6,746± 402 

23 

IIIA^^. .. 

19. 612 ± .794 

i* 335 ± *397 

6,267±i76 

32o± 

4.7 

7 . 7 ^S± 753 

3 

IVB 

2 1. 024 ± ,478: 

4 - 343 ± -305 

6,o9o±i9i 

290 ±104.0 

I,522± 136 

10 

VB......: 

19. 002 ±1,204! 

I.702± .427 

5, 687 ±208 

307 ± 

8.0 

3 .M± 587 

8 


« Data for leaf mst series omitted ow-ing to immattirity of the plants. 
Series IIIB, wdth excess KCi, omitted owing to immaturity. 


Even a greatly curtailed review of the literature of transpiration 
dealing with tlie effects of nutrient ions and other substances and the 
state of fertilization upon the water relations of plants, mil not be 
attempted here. Briggs and Shantz (j, 4 ) have given a very thorough 
review of the literature dealing with water requirement based on mature 
growth of plants, and a bibliography of papers containing water require- 
ment measurements based on seedlings. A large number of papers 
dealing only with rate of transpiration as affected by _ various sub- 
stances, of nutritive value and otherwise, is included in the, compre- 
hensive review of the subject of transpiration by Burgerstein ( 6 ). The 
literature dealing with the effect of fertilization on ■ the severity of rust 
is reviewed by Raines (12), 

Briggs and Shantz conclude that a reduction in the water require- 
ment results from the use of fertilizers, although very little difference 
in this respect is shown by . highly ' productive Aoils. A highwater 
requirement may result from, deficiency of , a; single nutrient element^, or' 
in fact from any condition which operates to limit or' retard growthj,,as 
measured by carbon assimilation, • while transpiration suffers ' no "/corre- 
sponding change. ' Furthermore, a highwater requirement may , "be'' 
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brouglit about by soil moisture content which tends to be too low or 
too high for unrestricted growth, or, in the case of water cultures, by 
great dilution of the solution. 

An examination of Tables II and IV shows, first as regards the yield 
of tops and grain obtained from the various nutrient treatments, that 
only cultures 00, OB, I A, and IVB have produced yields comparable 
to ordinary yields of field-grown plants — i. e., above 15 bushels per acre. 
Culture 00 is similar to Shive's R 3 C 3 which was found most suitable 
for growth of wheat seedlings during the first 30 days. It is to be 
noted that in yield of grain this culture was exceeded only by IVB 
containing CaClo. Even the addition of nitrate, an ion which Hoag- 
land (10) has shown may be absorbed very rapidly from solutions and 
which may therefore be deficient, particularly during the period of 
greatest absorption, in sand or solution cultures carried on as these 
were, resulted only in increasing the yield of tops. The reason for the 
striking increase in grain produced by the addition of CaCl 2 to the 
Shive solution is not clear. It can hardly be attributed to the direct 
nutritive value of calcium, but is more likely to be accounted for either 
by an improvement in the reaction of the culture medium or by render- 
ing other ions ‘‘physiologically available'’ (True, (aj)). A depressing 
effect on plant growth resulting from too high acidity of the medium 
has been observed by a number of recent investigators, and it has been 
shown that a correlation exists between acidity of the cell sap and 
retarded growth (20). Whatever the explanation, it is significant in 
this case that the Shive solution, modified by the addition of 0.0171 
gram molecules of CaClg per liter, has produced a growth of mature 
wheat that in respect to yield and water requirement is comparable 
to that of plants grown under the best pot culture methods that 
have been devised or with that of field-grown wheat. The low- water 
requirements shown by these plants, both for tops and for grain, is in 
line with expectations if one of the functions of calcium, as stated by 
True (21), is to maintain normal permeability relations of the cell wall. 

As regards the effect of mineral nutrition on the development of rust, 
it appears that the application of an excess of nitrate has resulted in 
greater susceptibility to rust in both the leaf -rust and stem-rust series. 
In Culture lA, where the additional nitrogen did not so greatly delay 
maturity, the infected plants show a much reduced yield of grain also. 
The appearance of the plants themselves, particularly in the leaf-rust 
set, confirmed their more ready susceptibility, as both tlie number and 
size of pustules were greater on plants receiving additional nitrogen. 
The more luxuriant development of culms and the more rapid growth of 
these plants seem sufficient to account for the greater development of 
rust, and until further evidence is at hand, the assumption of a physio- 
logically greater susceptibility to rust in nitrogen-fertilized plants is 
unnecessary. 

The slight development of rust on the plants receiving calcium and 
magnesium is noteworthy since in these cultures the effect can not be 
attributed to generally poor growth, which is the case in those fertilized 
with phosphate and potash. It appears that the plants of Cultures IV 
and V actually were somewhat physiologically resistant, since repeated 
attempts to infect them were only partially sitccessful. Hurd ® indicates 


® Hxird, Annie M., The acidity or some exist and smut resistant and susceptible varieties 
OF WHEAT AND SOME FACTORS AFFECTING IT. Abstract presented at the meetings of the Physiological 
Section, American Bot. Soc., at Toronto, Canada, Dec. aj), 1931. (Mimeographed.) 
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a correlation between the total acidity of the cell sap of certain varieties 
of wheat and resistance to rust and smut; also that the total acidity 
(content of buffer substances) may be decreased by liming the soil 
Should a similar correlation have existed in the plants constituting 
Culture IV of the present experiment, their '‘resistance” to rust must 
have been due to something other than the reaction of the sap. 

SUMMARY 

Marquis wheat was grown to maturity in quartz sand cultures supplied 
with various combinations of mineral nutrients added in solution. An 
artificial epiphytotic of leaf rust, Puccinia triticina, was induced in one 
series, and of stem rust, P. graminis tritici, in a second, while a third was 
maintained free from infection. 

Rust infection of either type resulted in lowered water economy of the 
host, whether the dry matter of entire tops or of grain is considered. 
The actual quantity of water transpired is of significance in relation to 
infection only when the correlative production of dry matter is taken 
into account. 

The addition of NaCl or NaHjPO^ to the basic three-salt nutrient 
solution did not affect the susceptibility of wheat to leaf rust or stem 
rust. The addition of NaNOg resulted in somewhat readier infection 
in each case but did not predispose to greater injury. KCl retarded 
infection in proportion to ^e diminution of growth of the host, partic- 
ularly when used in excess. CaClg and MgClg appeared to induce a 
state in which the host was less readily susceptible to infection. CaCIg 
also resulted' in a reduction of water requirement, about 10 per cent for 
tops and 40 per cent for grain. 

The addition of 0,0085 and 0.0171 gram molecule of NaNOg per liter 
and 0.017 1 gram molecule of CaClg caused an increase in yield over that 
obtained from the Shive RgCg solution as here used. 
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PHOTOPERIODISM IN RELATION TO HYDROGEN-ION 
CONCENTRATION OF THE CELL SAP AND THE CAR- 
BOHYDRATE CONTENT OF THE PLANT ‘ 

By W. W. Garner, Physiologist in Charge, C. W. Bacon, Physiologist, and H. A. 
Aelard, Physiologist, Tobacco and Plant Nutrition Investigations , Bureau of Plant 
Industry, United States Department of Agriculture 

INTRODUCTION 

In previous papers (7, 8 ) ^ it has been shown that in many species the 
duration of the daily period of illumination exercises a remarkable forma- 
tive action' on' plant development, and in particular may initiate or in- 
hibit flowering and fruiting. The great majority of species, perhaps all 
of them, are more or less responsive to differences in the daily light 
period, though species and varieties differ widely in their sensibility to 
this influence. In many species the action of the light period under or- 
dinary circumstances is dominant, so that the response of the plant is 
prompt and certain under a rather wide range of conditions as to tem- 
perature, water supply, intensity and composition of the light and the 
supply of plant nutrients. For example, spring plantings of the four 
varieties of soy beans {Soja max (L) Piper) knowm as Mandarin, Peking, 
Tokyo, and Biloxi, regularly begin -flowering in the latitude of Washing- 
ton about June 15, July 10, August i,' and September i, respectively, 
and it has been demonstrated that these , differences in time of flowering 
are characteristic varietal responses to the seasonal change in length of 
day. Under normal conditions the later varieties are unable to flower 
until appropriate decrease' in length of day has taken place. By artificial 
shortening of the daily light periO'd all varieties are made to flower at 
approximately the same time, while, on the other hand, the later varieties 
may be . maintained in the active vegetative condition for a prolonged 
period of time by continued exposure to a relatively long daily period 
of illumination (in excess of 13 hours). Artifidal light may be e&ctively 
used as a supplement to sunlight in prolonging the daily light period. 
Many other species have been found to be equally responsive to change 
in the light period, so. that in such cases flow^ering and fruiting may be 
induced or suppressed at will by proper regulation of the daily illumina- 
tion period, , „ , 

Plants which behave like the later varieties of soy beans, that , is, tend 
toward indeterminate increase in stature without flowering when ex- 
posed to a relatively long daily light period but. quickly flower in, response 
to suitable decrease in the light period, .are for convenience, d^ignatedas 
short-.day plants. There is another, large group of plants which tend to 
remain in the leaf-rosette stage, without stem elongation, and fre- 
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quently with, some form of tnberization when exposed to a short light 
period, but are capable of developing flowering stems under the influ- 
ence of a longer daily light period or under certain conditions even when 
exposed to continuous illumination. Plants of this type are designated 
as long-day plants. 

In both of the above-named groups the rate of growth of the stetii' 
increases with increase in the length of the illumination period, maximum 
growth being associated with sterility in the first group and with flower- 
ing and fruiting in the second group. There is a third group, however, 
in which maximum stem growth is attained with a light period of inter- 
mediate length approximating the equatorial length of day. In this group 
a light period in excess of the optimal for growth favors flowering and 
fruiting and tnberization. In all cases observed the height of the flower 
stem, like that of the vegetative stem, increases with increase in the length 
of the light period, provided the limits favorable to flow^ering are not ex- 
ceeded . The bearing of these group relationships on the natural distribu tion 
of plants and on the behavior of a given species in different latitudes will be 
apparent at once to the ecologist. The duration of the light period may in- 
duce or modify various other forms of response such as branching habits, 
root growth, leaf fall and dormancy, but the present discussion will be 
limited primarily to the fundamental relationships of increase in stature,, 
sexual reproduction and tnberization. 

One of the most striking features of the response to duration of the 
light period so far as concerns initiation of flowering is that the important 
factor is not merely the total number of hours of illumination during the 
24-hour period but the number of hours of uninterrupted light in each 
period of exposure. Thus, darkening soy beans and other species during 
the middle of the day for periods of four, five, or six hours, begining at 
10 a. m., has but little effect in either hastening or delaying the advent 
of flowering, though the growth rate may be materially checked. 

Another significant fact is that in many cases electric light of intensity 
as low as 5 foot-candles when used for prolonging the daylight period is 
capable of exercising a definite formative action in either initiating or 
inhibiting flowering. It is difficult to explain the action of light of such 
low intensity on the basis of photosynthesis alone. Wliile the effect on 
sexual reproduction is clearly expressed, the general nutrition of the plant 
is not permanently maintained and sooner or later decline sets in, usually 
resulting in death. 

Since sexual reproduction and other forms of expression can be readily 
controlled by proper regulation of the daily light period this factor 
furnishes a means for making detailed study of the internal conditions of 
the plant 'which are associated with alternative forms of development, at 
least in so far as analytical methods are available for such work. Under 
proper conditions and with suitable material the time required for definite 
expression is easily determined and varies only within narrow limits. 
Moreover, it is not necessary to control accurately other environmental 
factors in order to obtain the expected response. It is believed that a 
large field for profitable study of internal environment in relation to 
response is thus opened up and the present paper is intended as a begin- 
ning in this field. But little is available in the way of a scientific back- 
ground for such studies, for thus far the duration of the light period as 
a factor in plant development has received almost no attention from 
physiologists and biochemists. Even in the case of photosynthesis, 
while there is a voluminous literature on the effect of intensity and 
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composition of light, there are no satisfactory data to show whetlier in 
an}" particular species the process proceeds at the same rate and in the 
same manner with a daily illumination period of, say, 15 hours as with 
a period of 10 hours. The same is true of transpiration, respiration, and 
various other plant processes of fundamental importance. The present 
paper deals with fairly extensive studies of " hydrogen-ion concentration 
of tissue fluids and some preliminary data on carbohydrate content and 
water relations as affected by the length of the daily light period, and thus 
associated with alternative forms of expression. 

WATER RELATIONS IN PHOTOPERIODISM 

Thus far onl}^ a beginning has been made in direct experimental stud}^ 
of the influence of the light period on water relations in the plant, but in 
connection with the other studies discussed in this paper it seems desirable 
to direct attention to observed plant reactions 'which suggest a definite 
relationship between the length of the illumination period and the \¥ater 
content of the plant. That maintenance of maximum turgidity is in 
some way favored by a light period which is optimal for increase in stature 
is illustrated by the fact that in certain cases transfer from such light 
conditions to those which are suboptimum for increase in stature quickly 
results in a change from the upright toward the horizontal or prostrate 
position of the stem, although growth may be maintained. In other cases , 
this change in the light relations causes dying back of the stem, followed 
by development of new basal shoots. Moreover, increased pubescence 
may be a feature in the change from an optimal to a suboptimal 
light period for upward stem growth. These phenomena and other 
features of development commonly seen under relatively xerophytic 
conditions are observed when the plants are abundantly supplied wnth 
water and even under fairly wide ranges in the external water suppl^n . 

It is well known that as a rule exposure to sunlight greatly increases 
transpiration and it seems possible that in those species for which an 
intermediate length of day is optimal for growth the check in rate of 
growth resulting from exposure to long days is due at least in part to 
excessive transpiration. For other species, however, the rate of increase ■ 
in stature is more or less proportional to the length of the daylight period 
and loss of turgidity resulting from decrease in the daily light period 
would seem to be due to changes in internal conditions of the plant. 
From the investigations of Briggs and Shantz (4, 5) and Livingston (14) , 
together mth the work of earlier investigators, it might be assumed that 
in the first case the excessive transpiration (if such actually occurs) is 
probably due chiefly to external evaporative forces. In those species,, 
in which maximui|i turgidity is maintained by exposure to a long' daily 
illumination period internal factors are apparently involved, for it is not 
clear as to how reduction in the period of illumination "co.uld through' 
direct action cause decrease in turgidity as a result of excessive trans- 
piration. According to Livingston and Brown (i 5) , exposure' to sunlight 
may result in incipient drying of the foliage leaves, 'which in turn may 
tend to check transpiration to some extent by causing partial closure 
of the stomata' and decreased partial ■p.ressure of water ' vapor in . the 
leaf, ' There seems to ,be-. no ground at present,. ho.w,ever, for supposing, 
that increased duration .of the light period, would' tend' to accentuate ilie'", 
effectiveness of these f actors,. in. chec,king transpiration to the .point , of 
overcoming, external evaporative forces. Changes in osmotic' relations. 
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permeability of the protoplasmic layer atid the hydration capacity of the 
hydrophilic colloids, might be regarded as possible factors in the reduced 
water-holding capacity of the plant tissues when the plant is exposed to 
illumination periods which are too short for maximum rate of increase 
in stature. 

Prompt initiation of sexual reproduction when certain species are ex- • 
posed to a reduced daily illumination period is perhaps the most striking 
phenomenon of photoperiodism, and in the case of the violet, at least, this 
response has been shown to be associated with partial loss of turgor. 
Here again is seen a possible relationship with the well-known fact that 
flowering and fruiting are favored by conditions of comparative drought, 
as has been especially emphasized by Mobius (20). That darkening spe- 
cies of this type for several hours in the middle of the day fails to initiate 
flowering possibty may be due in part to resultant check in rate of trans- 
piration, thus enabling the plant to maintain higher turgidity. There 
is the possibility that tlie reduced rate of growth under these conditions 
is explainable on the basis of reduced photosynthesis. 

There can be no doubt that the water relations of the plant are pro- 
foundly affected by the duration of the daily illumination period, but it 
is impossible to state whether change in water content stands in a direct . 
causal relation to observed responses of the plant or merely follows as a 
sequel to other internal processes more directly controlled by the light 
period. 

ACIDITY RELATIONS IN PHOTOPERIODISM 

The theory advanced by Liebig {13) that organic acids are intermediate 
products in the photosynthesis of carbohydrate has not met with favor 
among plant physiologists and it has come to be the generally accepted 
view that these acids result from partial oxidation of carbohydrate and 
fat. While formation of organic acids thus seems to be more directly 
related to respiratory activity than to photosynthesis, there is no doubt 
of the fact that light is in some way a dominant factor in the origin of 
these catabolic products, as will be developed more fully in the present 
discussion. Some of the acids formed are neutralized by mineral 
bases derived from the soil, and to the extent that insoluble salts are 
formed these tend to accumulate in the plant tissues. According to de 
Vries (25), however, the total quantity of acids foi*med in a period of 100 
days may greatly exceed the total dry weight of the leaf, so that obviously 
the greater portion of the acids formed must undergo decomposition, 
the final products being carbon dioxide and water. It is generally 
believed that light is a very important factor in the breaking down of 
organic acids in the plant cell. It is apparent that the total acidity at 
any particular moment is dependent, on the one hand, on the rate of 
formation of acids and, on the other hand, on the rate of their decomposi- 
tion and, to some extent, perhaps, on the quantity neutralized by bases 
derived from the soil. In addition to light, temperature has been found 
to be one of the important external factors influencing relative rate of 
formation and decomposition of acid, high temperatures favoring net 
decrease in acidity. 

With respect to comparative total acidity of different organs of the 
plant and of particular organs at different stages of development the 
most 'extensive' previous observations are those of Astruc (i) who inves- 
tigated the total free acid content of a number of species. This inves- 
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tigatorj however, failed to recognize the effect of alternative forms ot 
activity on the distribution of acidity in the different parts of the plant, 
so that his results as a whole can not be readily interpreted. In brief, 
he found that in the leaf the acidity decreases with increasing age of the 
organ, in the stem the acidity decreases from the apex downward, while 
in the floral organs acidity decreases from the button stage up to unfold- 
ing of the blossom, and the developing fruit also shows decreased acidity. 

Various functions in the economy of the plant have been ascribed to 
organic acids, but detailed discussion of the different theories which 
have been advanced on the subject will not be here undertaken. It was 
long ago suggested that the free acids and ' their soluble salts play an 
important rSle in promoting osmotic pressure, turgor, and grow^, and 
this theory in its relation to change in the acidity of plants 'when exposed 
alternately to light and to darkness has been widely discussed (cf, Kraus 
{12)), This is the most important of the older lieories regarding the 
effect of acid content of the plant fluids on metabolism, and the general 
procedure which has been followed in studying the subject involves 
measurement of total acidity by titration. In the application of more 
recent conceptions regarding the effect of acidity on tlie properties of 
plant colloids, however, it becomes necessary to give special considera- 
tion to relations of active acidity® of the tissue fluids, as measured by 
concentration of hydrogen ions. The latter phase of* plant acidity has 
not thus far been fully developed. According to Atkins {2) plant cells 
rarely show an alkaline reaction and the value of the sap does not 
exceed the number 8. On the other hand, in certain fruits the Ph value 
of the sap may fall as low as 1.4. According to this author “the P^ 
value met with in a tissue is usually near, but slightly less than, the 
optimum for the activity of the characteristic enzyme at ordinary tem- 
perature.” Clevenger (d) studied the range in hydrogen-ion concentra- 
tion in leaf, stem and root of cowpeas during the 24-hour period, and 
found the highest concentration in leaf and stem to occur during the 
morning hours, while tlie lowest concentration was observed during the 
night. The root showed a narrower daily range in acidity and the 
maximum occurred during the day. Of the three plant parts the stem 
averaged highest and the root lowest in active acidity. From observa- 
tions on several crop plants Haas {10) finds that the active acidity of 
the sap is affected by changes in illumination, the soil solution, the age 
of the plant, and other conditions. Several publications have appeared 
in recent years which deal with the hydrogen-ion concentration of the 
ceil sap as affected by the reaction of the soil solution or the culture 
medium, but these problems are not directly involved in the present dis- 
cussion and hence may be passed over. 

The significance of measuring hydrogen-ion concentration in studying 
the relation of acidity to the properties of ' colloidal proteinS' has been 
especially emphasized by Loeb (id). In. view of the effects of, acidity, 
as thus measured, on the swelling of gels and on the viscosity and osmotic 
pressure of protein solutions, it is desirable to obtain much more complete 
information than has hitherto been available as to' the influence of 
external ' environment on the hydrogen-ion ■ concentration of the cell 
fluids. It is hoped that the present contribution will add materially to 


The term “active acidity” refers to the portion of any acid substance which has b'ecome icsiized: 'and 
thereby rendered active in' producing the effects commonly ascribed to acids; it is measured in terms, ,of 
hydrogen-ion concentration. 
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tlie available .data on the effect of light, and more specifically the duration 
of the daily illitmination period, on the active acidity of the cell sap. 

This problem is complicated by the marked differences in acidity 
which are found in the different organs and tissues of the plant under 
varying environmental conditions. An additional complication is the 
progressive change in acidity relations with increase in age of the in- 
dividual organs and of the plant as a whole. In this connection, it is 
necessary also to keep in mind the fact that the '‘age'’ of the organ or 
organism, as indicated by the- stage of development attained, can not be 
measured solely b}^ lapse of time but is dependent largety on the par- 
ticular environment to which the plant happens to be exposed. To give 
a concrete illustration, when late-flowering cosmos is exposed to a daily 
illumination period of, say, 15 hours, the apex of the stem shows a pro- 
gressive and marked increase in hydrogen-ion concentration as growth 
proceeds, maximum acidity being attained only after the lapse of several 
weeks. In this case vegetative development of the stem continues for a 
more or less indefinite period. On the other hand, if exposed to 10 houx's 
of light daily, the apex of the stem shows no such marked increase in 
active acidity until after the flower bud has appeai'ed. Under the 
longer illumination period the active acidity of the apex is much greater 
than that of the base of the stem, while under the shorter illumination 
period these relations may be actually reversed. Proper sampling of the 
material for study offers considerable difficulty, since for practical 
purposes it is often impossible to separate completely tissues, or organs, 
even, especially in the earlier stages of development. In most cases, 
however, the differences in acidity are so well defined as to leave no 
doubt as to the adequacy of the methods of sampling followed, whei'e 
only comparative results are required. 

In these experiments, except in special cases, no effort was made to 
follow out in detail the change in acidity through the 24 hours of the 
day, for such a procedure is out of the question where it is necessary to 
conduct a large number of separate tests. This difficulty was overcome 
as far as possible by choosing different hours of the day for making the 
observations in the course of a particular series, always collecting samples 
at as nearly the same hour as possible in comparing material exposed to 
two different illumination periods. In certain cases, moreover, com- 
parative readings w^'ere made in the morning and afternoon hours, as a 
further check on the results obtained. In all cases the hour at which 
sampling was done was recorded and the material was used for observa- 
tion as soon as possible after it had been collected. 

In carrying out the measurements the plant material was crushed in a 
porcelain mortar or in a tinned food chopper and the crushed mateiial 
was strained through several thicknesses of cheesecloth. The hydrogen- 
ion concentration was determined electrometrically, tlie potential being 
measured with either a Northrup “millivolter” or a Northrup hydrogen- 
ion ‘"pyrovolter” and a Leeds and Northrup small, portable galvanometer. 
The saturated KCl-Calomel electrode was used and the hydrogen elec- 
trode was made and “platinized” essentially as directed by Bovie (j). 
The platinum coat on tfie wke, however, was always deposited just be- 
fore being used. Electrolytic hydrogen compressed in cylinders was 
caused to bubble through the sample of sap and the potential was first 
observed after a period of 10 minutes. Further observations were made 
at intervals of 5 to id minutes until a constant reading was obtained, 
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this iisuaily requiring 10 to 20 minutes. The temperature of the air was 
noted and the Ph value ^ of the sample calculated. The accuracy of the 
outfit used was frequently checked by observing the potential of a stand- 
ard acetate solution or of a solution of potassium acid phthalate. 

DAILY PERIODICITY IN ACIDITY OF THE CELL SAP 

Before passing to detailed consideration of the effect of differences in 
the light period on the average level of plant acidity it is necessary to 
discuss briefly the subject of the daily change in acidity during the 
24-hour period, involving both the formation and the decomposition 
of acid. That there is a rhythmic daily change in acidity in succulents 
has been known since [1813], whenHeyne (ji) made the observation that 
leaves of Bryophyllum calycmum possess a more acid taste in the early 
morning than in the afternoon. Quantitative observations on the sub- 
ject were made by A. E- Ma3^er (17) in 1 8 75, and he confirmed the fact that 
in succulents there is an increase in acidity at night and a decrease 
during the day. Similar periodicity, however, could not be detected in 
Oxaiis species. Mayer found that in the absence of CO3 Oxalis gives off 
no oxygen when exposed to sunlight, and therefore concluded that 
organic acids are not intermediate products of photosynthesis. Bryo- 
pliyllum, on the other hand, does' evolve oxygen gas in sunlight in the 
absence of an external supply of CO2. Increase in temperature from 
20*^ to 30° C. causes a decrease in acid content in Oxalis, which was 
ascribed to increased respiratory activity. In later publications {18^ 19,) 
Mayer undertakes to show that the evolution of oxygen by succulents 
when exposed to sunlight in an atmosphere free from CO2 is due to splitting 
of oxygen from tlie COg which is formed by the plant and again utilized 
in photosynthesis. G. Kraus {12) studied various phases of acidity 
relations in plants. He observed a decrease in acidity in several species 
of the nonsucculent type when exposed to sunlight and, as a result, made 
the mistake of assuming that the phenomenon of increase in acidity at 
night and decrease during the day applies quite generally to nonsucculents 
as well as to succulents. Kraus found that deacidification is due to 
direct action of light and is not dependent on either respiration or photo- 
synthesis. This investigator concluded that the content of mineral salts 
of organic acids in the tissues does not change materially from day to 
night or from day to day, hence daily periodicity in acidity is not due to 
the neutralizing action of bases derived from the soil. 

In an important contribution to the subject of plant acidity de Vries {2 5) 
brought out several facts of special significance in their bearing on the pres- 
ent discussion. , The marked increase in acidity in succulents occurring at 
night is due to previous action of sunlight, for the nocturnal rise in acidity 
does not occur in the absence of illumination by day. Moreover, in con- 
tinued darkness there is progressive decrease in acidity during both day 
and night after the first 24 hours,' and; this phenomenon seems to apply to' 
thin-leaved , species as well as to fleshy plants.' The action of sunlight 
in causing subsequent rise in acidity is not due to ■ a heat effect, for 
warming in, darkness during the, day does not cause increased acidity at 
night. Also, the action of light 'is not due directly or solely, to photo- 
synthesis, for exposure to light in an atmosphere free from carbon dioxide 


^ It may be pointed out here that the Ph value rQ>r€5seiits the potentiai due to hydrogen iou m a sc^u'tso£i» 
and is the negative logarithm of the actual concentration, of this ion. Hence, the higher the acidity* ' the, 
•snaalier the Ph ninnber’, and a change of one Ph unit means a tenfold change in hydrogen-ton concentratiom. 
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causes rise itt acidity at night. Very weak light which could not cause 
marked photosynthetic activity is able to promote nightly rise in acidity, 
A very short period of illumination, on the other hand, causes no rise in 
acidity at night. The increase in acidity at night is due to a greater rate 
of formation than of the destruction of acid, while under high tempera- 
tures the rate of destruction may keep pace witli the rate of formation. 
De Vries concludes that accumulation of acids at night is largely limited 
to fleshy plants. Finally, light action is not the cause of deacidification, 
but merely promotes the process. Warburg {26) in his paper on the 
subject gives a thorough review of previous work, and records observa- 
tions on a large number of species. This author finds that decrease in 
acidity in the presence of sunlight does not take place in all thin-leaved 
species. In general, the daily decrease in acidity is proportional to the de- 
gree of protection against transpiration afforded by the structure of the 
plant organ. Plant parts which are free from chlorophyll show little or no 
decrease of acidity in sunlight. In the green parts of succulents deacidifi- 
cation both in the presence or the absence of light is coupled with the 
presence of oxygen. Increase in acidity at night is probably dependent 
on increase in sugar content which results from illumination during the 
day. The presence of oxygen, though in only small quantity, is required 
for acid formation. The acids of succulents are to be regarded simply 
as products of incomplete oxidation. The formation of acids in plant 
tissues is proportional to (i) the intensity of metabolism, (2) the degree 
of protection against entrance of oxygen; the decomposition of acids is 
proportional to (i) the intensity of metabolism, (2) the accessibility of 
atmospheric oxygen, (3) the temperature. 

Purievich {22) finds that decrease in acidity of leaves in prolonged dark- 
ness is not due to physiological translocation or to neutralization of the acid 
by bases derived from the soil. The formation of acid in the dark is propor- 
tional to the intensity and duration of the preceding illumination and leaves 
placed in sugar solutions showed increased formation of acid. Transfer 
from the light to darkness causes again in acidity for a period ranging from 
8 hours in some species to more than 24 hours in other species, and these 
differences are believed to be correlated with differences in the relative 
stability of malic, oxalic, tartaric, and citric acids, since different species 
do not contain the same acids. In the spontaneous decomposition of 
solutions of these acids in vitro when exposed to sunlight malic acid is 
most easily broken down, followed by tartaric and oxalic, respectively, 
while citric acid is not affected. Oxalic and malic acids, however, are 
most affected by increase in temperature* In a comparatively recent 
review and study of acidity in succulents, with special reference to cacti, 
Richards {2J) finds maximum acidity of the plant juice at about 7 o’clock 
a. m. and the minimum at about 5 p. m., in the case of Opuntia versicolor. 
The greatest daily range in acidity occurs in summer. The daily range 
was greater in younger joints of the plant than in older ones. The diurnal 
change in acidity is due mainly to sunlight, while temperature also is a 
factor. The formation of acid in the plant is due to an inadequate supply 
of oxygen in the tissues. Deacidification is not believed to be a part of 
the respiratory process. As bearing on the work of Purievich relating 
to the relative rate of decomposition of different acids in sunlight and 
the more recent study of the subject by Spoehr (24), attention is called 
tO" ' the Tact That the same difference in ease of decomposition between 
malic" and citric acids applies to deacidification in darkness, as has been 
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shown in this office in the case of tobacco leaves during the process of 
curing (9). During the progress of the curing there is a decided decrease 
in total content. of malic acid, while there is an equally marked increase 
in content of citric acid. 

From the above-mentioned investigations it appears that clearly 
defined daily periodicity in acid content, with marked decrease in acidity 
during ^the daylight period and a corresponding increase in acidity at 
night, is characteristic of succulents having stimctural features which 
are unfavorable for rapid gas exchange. This periodicity is much less 
evident in thin-leaved species and in some of these has not been observed 
to occur at all. Formation of acids in plant tissues results from incom- 
plete oxidation of carbohydrate and is favored by a limited oxygen 
supply. While, in the case of succulents, the acids accumulate chiefly 
during the night, nevertheless the rate of acid formation is in some way 
dependent primarily on the conditions of illumination during the day. 
Decomposition of acids in the tissues of the plant is facilitated by in- 
creased oxygen supply, by exposure to light, and by relatively high 
temperatures. Exposure to light, however, is not a necessary con- 
dition for acid decomposition. There seems to be considerable doubt, 
moreover, as to whether deacidification is to be regarded as a part of 
the respirator}?' process. 

The present investigations, relating primarily to the average level 
of acidity of the plant sap as affected by the duration of the light period, 
have incidentally emphasized the relatively narrow daily range in acidity 
of the 'thin-leaved species which have been studied. Direct observations 
also have been made on this point, in the case of Biloxi soy beans. A 
series of readings were obtained on the sap of the young, topmost leaves 
of the plants collected early in the morning, at noon, and late in the 
afternoon. In platings made in the field the average Pjj values of 
the saps during the midsummer, when the plants were most active 
vegetatively, were 6.22, 6.19 and 6.14, respectively, for the samples 
collected in the morning, at midday and in the afternoon. Similar 
readings taken later in the season, when the plants were approaching 
or had actually reached the flowering stage, showed practically no change 
in active acidity during the day. These results were conflrmed by a 
second series of observations on plantings made in boxes and exposed 
to the natural length of day of early and late summer. Finally, in 
plantings in boxes exposed to only 10 hours of light daily, a light peiiod 
which, ^ of course, quickly initiates flowering, there was at most only a 
slight ^inerease in acidity during the day. Thus, in contrast with the 
behavior of succulents, Biloxi soy beans show an ' appreciable increase 
in hydrogen-ion concentration of the sap. from morning to afternoon 
as long as the. plants continue in the active vegetative stage as a result- 
of exposure to relatively long days. When the flowering stage is reached 
■as a result of exposure to relatively short days there is little, or no. daily 
change in active acidity. , 

In plants which show the behavior of succulents it might be expected, 
perhaps, that an increase in the number of hours of daily , iHumination 
would tend to reduce the average acidity for the 24-hour p-eriod. In, any 
event, with respect to thin-leaved , species it may be stated , that in the 
limited' number observed in the present inYestigat,ion the ,general ten,- 
dency has been toward an increase in -average active acidity with increase- 
in duration of -the daily light period. This holds true in general both 
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for plants whicli flower when exposed to relatiA^ely short days and for 
those which flower when exposed to long days. In detail, however, 
there are important differences in the actual course of the acidity level 
during growth and development in the two classes of plants, for changes 
in form of development resulting from differences in the. light period 
are associated with definite changes in average acidity of the cell sap. 
Moreover, decrease in tlie duration of the light period to which the plant 
is exposed may not result in immediate decrease in average active 
acidity. Apparently, the full effect of such change in illumination is 
not seen, as a rule, till about the third to fiftli day, thus suggesting 
similarity to the behavior of succulents in continued darkness. 

EFFECT OF THE LIGHT PERIOD ON ACIDITY RELATIONS IN 

SHORT-DAY PLANTS 

In the study of acidity of the cell sap as affected by the duration of the 
illumination period four general forms or features of plant development 
have been included, namely, (i) the sterile vegetative stem; (2) stem 



Fig. I. — Approximate lenj^th of day, from sunrise lo sunset, for the latitude of Washington, T). C. 

elongation accompanied by flowering; (3) the leaf-rosette type of growth, 
with clearly defined tuberization; (4) the leaf-rosette type of growth, 
without pronounced' tuberization. For comparative purposes the plants 
may be gi-own throughout their development under the respective light 
periods favorable to these different types of activity or at the proper 
time the plants may be shifted from one lighb period to another so as to 
change the type of development. Both plans have been followed. To 
facilitate comparison of the artificially regulated daily light periods em- 
ployed in the experiments with the prevailing natural length of day (sun- 
rise to sunset) , the approximate annual range in day length in the lati- 
tude of Washington is shown in figure i. 

As already explained, the term *fshort-day plants'’ is applied to those 
species and varieties which tend to produce indeterminate vegetative 
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stems when exposed to long days but quickly flower when exposed to 
short days. Late-flowering varieties of Cosmos bipinnaius Cav., Biloxi 
soy beans, tlie Maryland Mammoth variety of tobacco (Nicotiana iaba- 
mm L.)» atid Tithonia roUmdifolia (Mill) Blake are examples of this 
group. In this type of plant the height attained is usually proportional 
to the duration of ’the daily light period, whether or not flowering occurs. 
In most cases, however, it is not possible to completely eliminate stem 
elongation by shortening the light period, so that only the two first- 
named forms of development need be considered. A rather extreme 
illustration of these two contrasted forms of development in Bidens 
f rondos a L., which behaves in the same manner as Cosmos bipinnaius, is 
shown in plate i , A. 

EXPERIMENTS WITH COSMOS BIPINNATUS 

Late-floi,vering white cosmos was planted in boxes on May 2 and had 
germinated on May 6. One lot of plants received only 10 hours of illu- 
mination daily from the beginning of the experiment, a second lot was 
exposed to the natural length of day up to and including July ii and 
thereafter was exposed to 10 hours of illumination daily, while a third 
lot was exposed to the natural length of dsiy throughout the test. Very 
small flower buds could be seen on the plants of the first lot by June i 
and on the second lot by July 24, while no flow'er buds were visible on the 
third lot of plants till September 19. The hydrogen-ion concentration of 
the cell sap of the apex and the topmost and basal portions of the stem 
under the tw^o conditions of illumination is shown in Table L The ma- 
terial designated as ''apex'' includes the growing point, the extreme tip 
of the stem and the attached leaflets. For “top of stem" a section 
to 2 inches long immediately below the apex was used and a section im- 
mediately above the ground level of the same length was employed as 
“base of stem." The data presented in this table include observations 
at fairly wide intervals for the plants exposed to a lo-hour day from the 
outset and for the earlier stages of development of the plants exposed to 
the natural length of day. More frequent observations are given for the 
plants transferred from the nattiral length of day to the lo-hour day after 
considerable growtii had already been attained and for later stages of 
development of the plants under the full length of day of summer. In, 
order to complete the data, a second series of observations was made in 
such way as to supplement tlie data of Table I. For this purpose a sec- 
ond planting of the white cosmos w^as made on June 5 and the seed had 
germinated on June 8. ■ One series w'as grown from the beginning, und^ 
a lo-hour day and a second series was exposed to the full length of day of 
summer throughout tlie test. Under the shortened ' length of day flower 
buds w^ere found on June 30, but none appeared during the test under the 
long-day conditions. The observations were made in the same manner 
as before, and the results are shown- in Table II. 
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The results recorded in Tables I and II, taken as a whole, are quite- 
consistent and leave no doubt as to the conclusions to be drawn. There- 
is a striking difference in the course of the acidity relations during the 
progress of development of the plant under the long-da^r and short-day 
conditions and these differences are clearly associated with differences in. 
form of expression caused by the two conditions of illumination. Tlie- 
seat of maximum change in acidity is found in the region of the growing 
point. Under the longer daity illumination period the plants at the age 
of 2 to 3 weeks show a relative!}?- low acidity, particularly in the apical 
structures, but with continued elongation of the stem there is a marked, 
progressive increase in acidity, the Ph number for the apex declining 
from a value well above 6 to approximately 5.2, at which point it remains 
comparatively stationaiy (fig. 2). The advanced stage of vegetative 
development of the stem, therefore, is characterized by relatively high 
acidity of the apex as compared with early stages of develpment. The 



day plant and in this group indetenninate elongation of the vegetative stem under a long-day exposure 
is associated with a progressive increase in active acidity in the region of the apex. The relatively high 
active acidity of the advanced vegetative stage is maintained during the period of active vegetative 
growth. 

por'tion of the stem immediately below the apex shows greater acidity than 
the apex in earlier stages of development, but as growth proceeds this 
relationship is reversed. The base of the stem is initially the most acid 
portion of the plant, but shows only moderate subsequent change, and 
hence in later stages of growth tends to become the least acid part of the 
plant (fig. 3). 

When the plant is exposed to a lo-hour day from date of germination, 
which has the effect of promptly initiating flowering, there is an appreci- 
able but transitory decrease in hydrogen-ion concentration in the tissue 
fluids of the apex, which takes place about 2 weeks after germination. 
The probable significance of this phenomenon is later referred to more 
fully(p. 148.) This temporary decrease is followed by increase in acidity 
till the Ph number of approximately 6 is reached, a level of acidity which 
is characteristic of the flowering condition and represents the acidity of 
the young flow^er buds themselves. The flower buds and adjacent tissues 
increase in acidity till the unfolding of the blossom is completed. This 
latter stage marks the culmination of the increase in acidity of the repto- 
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dtictive structure, and it is interesting to note that the value is the same 
as that finally attained Jn the apex in advanced vegetative development 
(fig. 4). There is but little change in acidity in upper and lower portions 
of the stem except that after 
flowering has been initiated the ^ 
former increases somewhat in 
acidity. As compared with the 
action of long days, the effect of 
the I o-hour day on the plant dur- 
ing the first 3 weeks of growth 
following germination is to in- 
crease the acidity of the cell sap, 
except for the above-mentioned 
temporar}^ decrease in acidity 
under the short-day exposure. 

After the acidity relations 
characteristic of the advanced 
stage of vegetative develop- 
ment have become established 
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abrupt change from long-day to Fig. 3 .—showing the active-acidity relations in the apex and 
^ - - - - base of the stem in late-flowering cosmos when exposed to 

the long days of summer (Table II) . In contrast with 
the sharp progressive increase in active acidity of the apex 
in this group of plants when exposed to long days there is 
but littie change in the active acidity of the base of the 
stem. As a result, advance in vegetative development 
leads to a reversal in relative acidity of the apex and 
basal portion of the stem. 


short - day conditions results 
in decided decrease in acidity 
of the apex by the fiftli day, 
but this change is not appar- 
ent by the second day after 
the transfer had been made (fig. 5). Comparing acidity relations 
under the short-day exposure with those under the long-day exposure, 
it is evident that at the time the flowering condition is attained under the 

former the acidity gra- 
dient of the axis is 



ment the ' unfolding ' of " the blossom' is completed the acidity relations 
are. quite similar; to those seen in the advanced stage of ' vegetative 
development. 
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Table III. — Showing the Pe t'alm of the cell sap of the different organs in late-flowering 
cosmos when exposed to the natural length of day and to a lo-hout day during the summer 
months {seed germinated May 24). 


.Iiate of observation and part of plant used. 

Plants exposed to natural 
length of day from date of 
gennination. 

Plants exposed to natural 
length of day from date of 
germination to June 28 and 
thereafter exposed to a 10- 
hour day. 


Hour of sampling. 

Ph value. 

Hour of sampling. 

Pk value. 

Julj^ 12: 

Aoex . 

9.15 a. m 

5- 23 

9*L=?a. m 

a s- s6 

Top leaves 

3^-35 P- m 

5. 22 

11.30 a. m. . . . 

5. 48 

Lower leaves 

do 

5* 59 

do 

5- 81 

July 15 (and 17) 



Apex 1 

9.05 a, m 

do 

5. 18 

0.15 a. m 

“5- 34 

Top of stem ^ 

5* 30 

5- 43 

do 

5- 47 
5' 47 

M.iddle of stem 

II. 15 a. m.. . . 

II. 2? a. m. . . . 

Base o.f stem 1 

.... .do 

5. 46 
; 5-46 

do 

5* 43 
5- 46 

Roots (fibroiis'l i 

1.50 p. m .... 

2 p. m 

July '20t 



Top leaves 

\ 2 p,m 

^ 4. 98 

: 11.30 a. m ' 

5- L5 

Lower leaves 

1 do 

: 5-65 

4-98 

' do 

5- 79 

05.63 

July 21 : 

Apex 

! 11.20 a. m 

: 9-^5 a. m 

Top of stem 

do 

5* H 

i. do 

5-49 


a Hower buds only. 

fe Observations of plants tmder the I'O-hour day conditions were made on July 17. 


To obtain further mformation on the relative acidity of the different 
organs of the plant as affected by the length of day, observations were made 
on plantings of cosmos which germinated May 24, One series was 
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Fig. 5.— Showing the effect of abrupt change in light exposure from the long days of summer to a lohour 
day» on the active acidity oi the sap in the apex of late-flowering cosmos (Table ,!)• There is a prompt 
drop in active acidity to a level which is far below that characteristic of the advanced vegetative stage 
and the same as that .exhibited in plants exposed to a xohour day from the outset. Here, again' (com- 
pare fig. 4) , the active acidity of the open blcssom is practically identical with that of the apical bud in 
the advanced vegetative stage which results from a long-day exposure. 

exp'Osed to the natural length of day .throughout the test and a second 
series^ was transferred froin the full day length to a lo-hour day on June 
28,' : Flower buds were found on the. latter series on July 8. The data 
obtained are given in Table III. For the sample of top leaves the three. 
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Uppermost were used; for lower leaves the oldest available were taken, 
some of wbicli bad begun to yellow. The upper and lower leaves show 
much the same acidity relations as the corresponding portions of the 
axis and in all cases the acidity is lowest under the lo-hour day. The 
acidity of the fibrous roots is about the same as that of the base of the 
stem. 

During the short days of winter electric light of intensity as low as 5 foot- 
candles used to prolong the day length is effective in preventing flowering 
in cosmos, and the observations recorded in Table IV (A) indicate that 
the acidity relations characteristic of the more advanced vegetative con- 
dition are thereby maintained. After flowering has been induced in 
cosmos hj exposure to short-day conditions a return to the vegetative 
condition, involving phemomena of rejuvenescence, is eventually effected 
by exposure of the plant to long-day conditions. Cosmos which was 
planted in the greenhouse March ii formed flower buds in response to 
the short seasonal length of day. The first blossom opened May 8. By 
May 2 1 it was evident that as a result of the increasing length of day the 
plants were passing definitely into the vegetative condition. Observa- 
tions on these plants are recorded in Table IV (B). Seedlings of cosmos 
which germinated May 15 under a lo-hour day were showing flower buds 
by June 3. On June 13 these plants were placed permanently out of 
doors. By June 28 emdence could be seen of the change to the vegetative 
condition, though flowering had not entirely ceased. Transition stages 
in this type of rejuvenescence are shown in Plate i , B. Observations on 
these plants are given in Table IV (B). It is obvious that change from 
short-day to long-day conditions after flowering has been initiated 
results in establishing the relatively high acidity of the apical structures 
which is characteristic of the advanced vegetative condition. 

BXPJSRIMBNTS WITH BIBOXI SOY BBANS 

The t3rpe of growth in soy beans differs markedly from that in cosmos 
in that stem elongation is decidedly reduced, there is much branching, 
and development of foliage in proportion to stem is greater. Late 
maturing varieties of soy beans, however, show much the same responses 
to length of day as does late cosmos. For study of acidity relations the 
young, topmost leaves averaging i to iK inches in length were commonly 
used. As the flowering condition is approached the formation of new 
leaves is checked, so that in such cases, while the leaves taken for study 
were of the usual size, they were probably somewhat older than those 
gathered during the more active vegetative period. In a series of 
observations on plants growing in the field during the months of June 
and Juty, which will not be reported here in detail, it was found that the 
acidity of the sap from the young, topmost leaves remained close to the 
Ph value 6.50 from the earliest stages of growth up to the approach of 
the flowering condition, while thereafter ' Qie acidity increased up' to a 
'maximum of P^ 5.97 'after seed pods had appeared. Larger, more 
mature leaves showed a somewhat higher acidity. The acidity gradient 
,of the stem and root during the vegetative period was found to be, quite 
sirnffar to that in cosmos. Typical P^j values found for top and base of 
stem and fibrous roots are '5.97, 6. 1 7, and 6.46, ' respectively. As flowering 
buds came into evidence there was a temporary rise in P^ value in the top 
of stem to about 6.25, followed by a return toward previous values as the 
flowers unfolded. 


73482—24 2 



Tabi,!? IV .—Observaliom on late-flowering cosmos, skomng: (,A) the effeclvoenm of low-intensity electric, light as a supplement 
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To study furtiier the effect of the light period on acidity, plantings 
were made in six metal buckets of 12-quart capacity on June"” 30^ and the 
seedlings were, above ground on July 3. One series of three buckets 
remained out of doors throughout the test, while a second series of three 
buckets was permanently transferred from the full length of day to a 
iO“hour day on August 5. The latter series began flowering August 29. 
The former series began flowering September 15, although flower buds 
could be seen a week earlier. The results of the observations are shown in 
Table V and figure 10. These studies were only begun shortly before the 
plants passed into the flowering condition as a result of the natural 
decrease in length of day, for it is known that a minimum period of at least 
3 weeks is required for the unfolding of the blossom after the plant comes 
under the influence of a favorable day length. It will be seen that under 
the natural length of day there is a decided decrease in acidity for about 
one week ending August 19, immediately followed by a sharp increase 
which continues progressively till after flowering has begun. Abrupt 
shortening of the daily light period to 10 hours had somewhat reduced 
tlie hydrogen-ion concentration at the end of 48 hours, but the full 
effect of the change did not come about till the end of 5 or 6 days. There- 
after there was a sharp progressive increase in acidity Just as under the 
natural decrease in length of day. The effect of tlie lo-hour da}’, however, 
■was to accentuate and to hasten these changes in acidity. Biloxi soy 
beans thus closely resemble cosmos in acidity relations except that the 
relatively reduced stem elongation characteristic of the soy beans in the 
vegetative condition is associated with a decidedly lower maximum 
acidity of the apical structures than is attained in cosmos, in which 
marked elongation of the axis takes place. 

Table V . — Showing the Pe value of the cell sap of the young, topmost haves of Biloxi 
soy beans grown in buckets wheti exposed to ike natural change in length of day in late 
sum‘mer and fall and when abruptly transferred from these conditions of illumination 
io a lo-kour day. 


Tune at which sample was taken. 


5 Plants 

I exposed to 
\ natural length 
i of day 

\ throughout 
i the test. 


Plants 

permanently 
transferred 
from the 
natural length 
of day to a lo- 
hour day on 
Aug. 5. 


Date. 


Hour. 


Ph value. 


Ph value. 


Aug. 7 

Aug, 0..., 

Aug. II. 

Aug. 13 

Aug. 16 

Aug. 19 

Aug. 24.. ... .| 

Aug". I 

9.30 a. ID 

9.20 a. m 

9.30 a. m 

9.10 a. m. - 

9.20 a. m 

9.40 a. IB 

II. i:; a. m 

io.o> a. tn 

6. 28 
6.31 

6. 41 
6. 56 
6. 56 
6. 70 
; A 33 

: 6. 32 

6. 44 

6. K 2 

A 95 

7. 00 
6. 60 

6.51 
6, 36 

Sept. I ...... ' 

12.15 p. m 

' 6. 2X 

■Sept. 7 : 

11.25 a. m 

: 6.29 

; 6. 27 

Sept. 16 ■' 

. 9.45 a. m.......... 

; ' 0. 27 


Sept. 21. ' 

1 II a. m 

i 6. 08 
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The preceding experiment was repeated with two rows of Biloxi soy 
beans planted in the field 'VThich had germinated May 19 and 21, re- 
spectively. Beginning July 24, a portion of the plants were allowed to 
receive only 10 hours of light daily, this being accomplished by placing 
over the plants a ventilated, light-proof box which could be opened and 
closed as desired. In this case the exposure to the shortened day length 
was not begun until just as the plants were passing over into the flowering 
condition as a result of the natural decrease in length of day. Flower 
buds could first be seen on August 10 under the lo-hour day and on 
August 22 under the natural length of day. The transition from the 
vegetative to the reproductive stage occurred considerably earlier than 
in the preceding experiment because the plants had been seeded much 
earlier. The results of the observations, presented in Table VI, are 
even more sharply defined than those of the preceding test with respect 
to, the initial decrease in acidity, and bring out clearly tlie same general 
relationships as to the course of changes in acidity. This test empha- 
sizes the fact that under the conditions important changes in acidity as 
a result of abrupt shortening of the day length do not occur till after 
the lapse of 2 or 3 days. 

Tabl^ VI. — Sko'iiing^ the Pe value of the cell sap of the young, topmost leaves of Biloxi 
soy bea7ts growing in the field when exposed to the natural change in length of day in 
summer, and when the daily light period was abruptly changed from the natural daylight 
period of summer to a lo-hour period of illuminaiion 


Date of sample. 


July 22. 
July 25. 
July 27. 
July 29. 
Aug. I. 
Aug. 4. 
Aug. 7. 
Aug. 10 
Aug. 14 
Aug. 17 
Aug. 22 
Aug. 25 
Aug. 30 
Sept. 8. 


Plants exposed to natural 

Plants exposed to natural 

chanse in length of day 

change in length of day 

throughout the test. 

till July 24 and thereafter 



exposed to a lo-hour day. 

Hour of 
sampling. 

Ph value. 

Hour of 
sampii.ng. 

Ph value. 

c. m. 

9. 50 

6.37 

a. w. 


6.38 


6-37 

9. 00 

10. 20 

9 - ^5 

6. 80 

10. 25 

6-57 

8. 50 

6. 27 

10. 30 

6-39 

9 - IS 

6. II 

10. 30 

6. 28 

10-35 

6. 20 

9 - 05 

6. 20 

9-25 : 

6. 07 

10. 45 

6. 01 

10, 30 ! 

6. 20 ! 

9. 10 

6.03 

9*35 i 

6. iS i 

II. 00 ■ 

1 6. 16 

10. 15 
10. 00 1 
9-45 i 

6. 04 ; 
6. 24 
6.07 : 

9. 00 

j 6. oS 



9 - 50 i 

6. 10 



9- 45 i 

6.06 




Studies were made o,n acidity relations in the developing seed pods 
of' Peking so}^ beans, which had germinated June 27, as representing the 
final features of reproductive activit}^ In the earlier stages' of develop- 
ment the seed pods in their entirety w^ere necessarily taken, but as soon 
as the seeds had attained sufficient size these were separated from the 
hulls. The samples were collected at 1.30 to 2.30 p. m. For analysis 
the seeds in the more mature stages were ground with distilled water. 
The results are shown in Table VII. The hulls, constituting the vege- 
tative portion of the fruit, increase in acidity as they develop, while the 
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seeds show a much lower and decreasing acidity till about the time 
maximum size is attained. During the later stages of ripening the seeds 
appear to increase somewhat in acidity. 


Tabi^S VII , — Showing the Ph value of cell sap of seed pods and seeds in the Peking mrkiy 
of soy beans at different stages of development 


Bate of sample. 


Material. 


Aug. 31 1 Entire seed pods, less than pi inch long . 

Sept. I I Entire seed pods, about i inch long. . . . 

Do I Entire seed pods, about iK inches long 


Sept. 9 . 
Sept. 19. 


Sept. 28. 

Oct. 5 . . . 
Oct. 7... 
Oct. 28. . 


Entire seed pods, about inches long. . . 

THulls only, to inches long 

\Seeds only 

rHuiis only, to inches long 

\Seeds only, just beginning to turn red 

Seeds only, full size, seed coats red in color . 

Seeds only, black, nearly dry 

Seeds only, dry and mature 


I Fh value. 

6.29 

6.09 

6. 10 
6.24 

5-94 

6.63 

5-91 

6. S3 

6.63 
^•33 

6.34 


EXPERIMENTS WITH MARYLAND MAMMOTH TOBACCO 

This variety of tobacco behaves like the late varieties of cosmos and 
soy beans in response to length of day, and observations made on acidit}?' 
relations gave results similar to those already presented for cosmos and 
soy beans. Typical Pjj values obtained for the terminal bud and the 
topmost and basal portions of the stem, respectively, are 5.25, 5.53, and 
5.30 during the vegetative stage of the plant, and 5.46, 5.51, and 5.29 just 
after the flower bud became visible. The acidity gradients of the stem 
under the two conditions are similar to those obtained for cosmos, though 
not quite so pronounced. 

EXPERIMENTS WITH TiTHONIA ROTUNDIFOLIA (MILL) BLAKE 

This tropical weed attains giant proportions without flowering when' 
grown during the summer months in the latitude of 'Washington, but 
flowering is readily induced by shortening the length of day. Studies 
were made on the acidity of the cell sap as affected by the daily light 
period. Seed were planted May 16 and the seedlings transferred to boxes 
on June 20. One series was exposed to the natural length of day through- 
out the test, a second series was permanently transferred from the natural 
length, of day to a lo-hoiir day on July 12, and a third series was similarly 
transferred to a lo-hour day on August 1 7. Determinations of hydrogen- 
io,ii concentration in the topmost and basal portions of the stem were made, 
using for the purpose sections x to 2 inches in length. Under the natural 
length of day no flower buds 'could be seen as late as October ' 9, while 
they were 'first msible July 26 in the plants transfe,rred to the lo-hour day 
O'H July 12 and were first seen on September 6 in the plants similarly trans- 
ferred, on August' 17. The results of the acidity measurements are sum- 
marized in Table VIII. Under the long days of summer the acidity of 
the stem increased steadily up to August 22 but thereafter the decreasing 
length of day caused progressive decrease in acidit}^ (fig. 6). The,' first 
transfer of plants to the short. day w.as made befo,re the acidity had in- 
creased, to that 'associated with the advanced vegetative condition, and 
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under these circumstances a slight increase in acidity as compared with the 
plants remaining under the full length of day w^as found on the sixth day 
after the transfer, A ireek later, however, the plants exposed to the 
longer daylight period had become the more acid. Transfer of the plants 
to the lo-lioiir dai' after the advanced vegetative stage had been reached 
had the effect of bringing about a transitory^ decrease in acidity about the 
fifth da}/ after the transfer had been made. This was soon followed by a 
moderate increase in acidity prior to the appearance of the flower bud. 



S£pr. 


'Pig. 6.~Sliowmg‘ the active-acidity relations in the uppermost portion of the stem in Tithcniia rotmidifolia 
when exposed to the long days of summer and to a lo-hour day, respectively (Table WII) . These rela- 
tionships are verj’ similar to those found in cosmos. Abrupt decrease in the light period causes a decrease 
in active acidity, followed by rise during the development of the flower bud. 


TxVBhS VIII. — Sko^ding the Pn 'value of cell sap in topmost and basal portions of the 
in Tithonia- rohi^idifolia as affected by the duratio7i of the daily ilhiminntion 
period 



Plants exposed to natural length of day. 

Plants transferred from the natural length 
of day to a lo-hour day. 0 

Bate of sam- 
ple. 

Hour of s 

ampling. 

Ph value. 

Hour of sampling. 

Pa value. 


Top of stem. 

Base 0! stem. 

Top of Base of 
stem. stem. 

Top of stem. 

Base of stem. 

Top of Base of, 
stem. stem. 

July IS. . . . 

8.43 a. m. . . . 






July iS. 

July 36 ... 

Aug. 16 . . .... 
Bo 

11,55 a. ™ — 
9.0s a. m. . . . 
9.10 a. m. . . . 

3.35 p. m.... 

12.20 p. m.. . 

1.35 p. m.... 

7.78 6.78 

7 - 34 5 - 96 

A 87 S- 63 

z.io p. m — 
10.50 a. m. . . 
10.35 a. m. . . 

3.2s P-rn. 

1.3s p. m.... 

3 P. m 

7. 79 d. 26 

7-96 6.04 

0 6. 44 s. 74 

' C 6. 

Allg'. ‘32 . . 

la.io p. HI. , , 


i 6. 30 

1.25 D. m. ... 



1.20 p. m ■ . . . 


6. 60 


: 6. 46 

Rippr. fi. ^ . 

12.23 p. m. . .j 


6. 59 

Z.30P. m. . . . 


5 ?ppt- ri 

2.2$ p. m . . . . 


6. 76 

1.20 p. m, . . . j 


Sept. 19 

2 X , • „ , * 




3 P- 01 -- ! 

I p. m. 




r‘* 

1 


i 


“ The data for the period July zS to Aug. 16, indusive, relate to plants permanently transferred from the 
natural length of day to a zo-hour day on July za; subsequent data relate to plants sindlaiiy transferred 
on Aug. 17, . ■ . 

i» Flower buds al»ut one-half inch in diameter. 

c Upper portion of flower bud stem. . . 

OF' THE EIGHT PERIOD OH ACIDITY .REEATIONS IN EONG-DAY PEANTS 

In plants of this group' exposure to r^atively long days results in 
stem dongation, which is invariably coupled with 'flowering; that is,, the 
condition of ■ indetermmate elongation of the sterile vegetative stem is 
wanting. Exposure to relatively' short days tends to inhibit stem' 
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elongation and flowering, thus resulting in the leai-rosette type of 
development, either ^vith or without tuberization. Radish (Rapkmms 
satimis L.) may be taken as an example of this type in which a short 
daily illumination period results in marked tuberization without stem 
elongation, while Rudheckia hicolor L- may be taken to represent the type 
in which tuberization does not result under these conditions. 

[EXPERIMENTS WITH SUMMER RABISH 

Radish of the horticultural variety Scarlet Globe was planted in 
wooden boxes and galvanized-iron cans in the greenhouse on September 
29 and had germinated on October 3. One lot of plants was exposed 
to the natural length of day while the other lot received, in addition, 
illumination from 50-watt electric bulbs without reflectors, placed 
about 18 inches aboA^e the plants. The electric lights were turned 
on at sunset and turned off at midnight, the plants thus receiving about 
18 hours of illumination daily. By December 6 deA^elopment of the 
primary axis had begun in 46 individuals, or 82 per cent, of the plants 
exposed to the iS-hour day, and under the natural length of day 9 plants, 
or 17 per cent, of the total were developing a stem. Of the two lots 
the plants under the longer illumination period were much the taller. 
UTiile the natural length of day of Avinter at Washington is not short 
enough to permanently inhibit stem elongation in this radish, the process 
is much dela^^ed and restricted. 

Results of obserA^ations on the hydrogen-ion concentration of the sap 
of the plants under the tAvo conditions are shown in Table IX. For the 
leaf material the entire midribs of the larger leaves AA^ere used after 
removal of the lamina. In sampling the tuber or thickened root approxi- 
mately the upper third w^as taken for the first sample and for the second 
sample a central horizontal section constituting approximately a third 
of the total w-as used, the lower third with tap root being rejected. In 
sampling the primary stem, in the case of the plants exposed to the longer 
illumination period, the topmost section of i inch in length and a section 
one-half inch in length immediately above the thickened root Avere used. 
For the samples taken on December 15 plants were used which had 
developed stems 9 inches high, while the plants used four ' days later 
had stems only 6 inches high. The plants used January 4 had developed 
stems 32 inches high which were showing flower buds. It may be added 
at this point that unopened flower buds collected January 5 from some- 
what further advanced plants showing open blossoms gave a Ps reading 
of 5.51. In the case of plants exposed to the natural length of day only 
those were used which showed no evidence of developing flowering stems. 
In this instance the acidity values corresponding to those of the top of 
the stem in the. plants under the lengthened light exposure relate to the 
tissues in the region of the growing point immediately above the thick- 
ened root after removal of the leaves of ' the rosette- The data in Table 
IX show that under the relativety short daily illumination period, which 
is unfavorable for stem elongation, the acidity of the plant as a whole is 
relatively low and is lower in the. region of the groAving point than else- 
where. Under the longer light period 'the acidity of the plant is higher, 
especially in "'the upper part of the stem, which increases' in acidity as 
growth proceeds. It may be added 'here that while the aver,age weight 
of tops of the plants under the longer daily illumination Avas mu<i greater, 
the average weight of roots was decidedly, less than the corresponding 



TABhU l%. —Showing the Pm value of the cell sap of summer radish when exposed to the natural length of day of winter and to the natural daylight 

period supplemented with electric light to give iS hours total illumination daily 
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parts of tlie plants exposed to the shorter illumination period. The 
above results of the studies on acidity relations were confirmed by obser- 
vations on plants exposed to the full length of day of late spring and 
summer in comparison with plants exposed to a lo-hour day, but it 
seems unnecessary to present the data .in detail. In these latter experi- 
ments the plants germinated April 13. As late as June 7 the verv^ young 
leaves of the rosettes in the plants exposed to a lo-hour day showed a 
Ph reading of 6.06 while the tops of the stems of the plants exposed to 
the natural length of day (nearly 15 hours), which were showing young 
flower buds, gave a reading of 5.57. By June 26 stem elongation was 
beginning in Sie plants under the lo-hour day and the tops of the stems 
showed a Ph reading of 5.67. 

EXPERIMENTS WITH RUDBECKIA BICOEOR. 

Seeds of this garden ornamental w’ere planted in the greenhouse 
December 19 and on January 27 the seedlings were transplanted in flats. 
On February 6 one lot of the small seedlings was transferred from the 
natural length of day to a 7-hour day. A second lot was exposed to 
an 18-hour daily illumination, a loo-watt electric bulb being placed 2 
feet above the plants and the current turned on at sunset and turned 
off at midnight each day. On March 22 a portion of the plants which 
had been exposed to the 7-hotir day were permanently transferred to 
the 18-hour day. Under the 7-hour day stem elongation was indefi- 
nitely inhibited, but under the 18-hour day development of the axis 
had begun within 2 weeks. Growth characteristics under the two light 
conditions are shown in plate 2, A. Of the plants under the 7-hour day, 
only the leaves, of course, were available for acidity studies. In samp- 
ling, all sound leaves excepting the smallest individual of the rosette 
ivere used in both the long-day and the short-day series of plants. The 
leaves of the plants exposed to the 18-hour day were decidedly longer 
than those of the plants under the 7-hour day. In sampling the stems 
of the plants under the 18-hour light period the entire stem was used 
when the length was less than 4 inches. In all other cases 2 -inch sec- 
tions were used. In sampling the flower bud the involucre was rejected. 
The results of the observations are summarized in part in Table X. 
Additional obser\mtions which need not be reported in detail have con- 
firmed the data here given. It may be added that samples of open 
blossoms and upper and lower portions of stems collected May 10 from 
plants which had been exposed to the 18-hour light period from February 
5 gave Ph readings of 5.55, 5.41, and' 5.68, respectively. 

The acidity relations of the leaf in Rudbeckia differ somewhat from 
those in radish under the two conditions of illumination... In radish 
the higher acidity occurred under the longer light period, while the 
reverse was true in Rudbeckia. Again, und.er the influence of the longer 
light period maximum acidity of the stem in radish is found in the upper 
portion even before the appearance of the fiovrer buds. In, Rudbeckia 
the topmost portion of the stem is consistently less acid than the , basal 
portion up to and including the period of flower formation (fig. 7). 
This re.lationship is not reversed till the blossom has unfolded. In both 
radish and Rudbeckia, however, the acidity of the „upper portion of the 
stem increases,' progressively prior to the appearance, of flower,' „buds, 
although in, both the increase is’ more pronounced in subsequent de-, 
velopment. 
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X . — Showimg the Ph value of the cell sap of Rudhechia bicolor exposed to a 

y-hour day and an l8-hour day 


Date of 
sample. 

Plants exposed to 
a 7-liour day. 

! Plants exposed to an iS-hour day. <2 

:, Hour^of 
sampling 
leaf- 

Pa 
value 
of leaf. 

Height 
of stem. 

Hour of sampling. Ph values. 

Leaf. 

Top of 
stem. 

Base of i j , ; Top of 
stem. ! ; stem. 

Base of 
stem. 

Feb, S4 

Do i 

12.40 p. m. 

6 . 62 

Inches. 

iH 

4 

6 : 
10 ; 

17 1 

2 p. m..., . 

3 P. m 



Feb. 26 1 

Tin 

10.03 a. m. 

6.61 

II. 10 a. m. 

1.05 p. m. , 

6. 94 ; J* 7. 43 

3.10 p.m.. I '; 7. Sg 

7-30 

^far.. 3 




10.30 a. m . 


7 «o 3 

7-04 

6.55 



1 . J 



Mar. 19 

Mar. 21 ..... . 

1 1 

S 10,10 a. m . ! 

L.., ■ 

6.58 

12.40 p. m . 

3.40 p. m. . 
i 

3.40 p. m, c 6.48 . 7.24 

Apr. 12 ^ 

sm * 

=0 j 


i 9 -S 5 a- Jn. 

! 12.55 P- 311 . 

1 10.55 a. m. 

ii.ioa. m.i i 7.17 

i 5 - 9 S 

S-Sa 
S ' 79 

Apr. 23 1 

Apr. 27 

! 1 

1 i 

i 1 


31.23 a. m.j 
9.50 a. m . . 1 

1.5s p. m. c 6.37 - 6. 63 

12.4s P* 321 .! c 6.01 6. 37 

i i 


The data for the period Feb. 24 to Mar. 1.9, mdusive, relate to plants exposed to 18 hours of light daily 
from the beginning of the experiment; the data for the period Apr. 12 to 27, inclusive, relate to plants exposed 
to the 7-hour day till Mar. 23 and thereafter exposed to the iS-hour day. 

6 Entire stem. c Flower buds. 

It is of considerable interest to compare the acidity relations in Riid- 
beckia, as representative of the group of long-day plants which do not 
ordinarily become tuberized, with the acidity of the short-day plants. 

The course of devel- 
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opment of long-day 
plants when exposed 
to relatively long 
days is more or less 
similar to that of 
short - day plants 
when exposed to rel- 
atively short"' days. 
By comparing 
acidity in the stem 
of Rudbeckia under 
the 18-hour day 
(Table X) with that 
of cosmos (Table II) 
and Tithonia (Table 
VIII) under a lo- 
hour day it will be 
apparent that in gen- 
eral the acidity rela- 
tions are very simi-' 
lar. There is in all cases an increase in acidity of the stem till the flower bud 
appears. The flower buds themselves increase in acidity as growth ' pro- 
ceeds, maximum acidity being found in the unfolded blossom. In distribu- 
tion of acidity the upper portion of the stem is in all cases less acid than the 
lower portion, in contrast with conditions in the short-day plants' when 
exposed to long days. Radish, as representative of the group of long- 
day plants' which commonly become’ tuberized under' short days, seems 
to, differ somewhat from short-day-’ plants (when exposed to short -days) 
and the' Rudbeckia': group of long-day. plants in distribution of acidity in 
the stem, particularly in , the earlier stages of stem development. 


26 S m 7 17 

REB. EiPR/E 

Fig. 7. — Sbowmg tke .effect of abrapt increase in the daily light period 
on the active acidity of the cell sap in the stem of Rudbeckia bicolor, 
which is a typical long-day plant (Table X). Increase in the light 
period from 7 hours to 18 hours initiates elongation of the axis which 
is 'iollowed by flowering. In this group of plants the upper portion of 
the stem^ is lower in active acidity than is the base, a condition which 
is found in short-day plants only during the early stages of develop- 
ment and in the initial stages of reproductive activity. Thus, in the 
typical long-day plants^ the level of active acidity characteristic of the 
flowering stage is attained by an increase rather than a decrease in 
acidity of the stem apex. 
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acidity relations in plants occupying an intermediate po^ 

SITION BETWEEN THE MORE TYPICAL SHORT-DAY AND LONG-DAY 

plants 

There is a group of plants whicli may be regarded as standing between 
typical short-day and long-day plants in their response to differences in 
length of day. In these plants the height attained increases with increase 
in file daily illumination period, but the condition of indeterminate elon- 
gation of the vegetative stem is not readity attained under relatively long 
days, nor is stem elongation readily and completely inhibited by expos- 
ure to short days. Helianihus annuus L. is a representative of this 
group* The range in length of day during the open growing season at 
Washington greatly affects the height attained by this sunflower but does 
not materialh?' influence the time required for floivering. On the other 
hand, a more extreme change in the light period causes appreciable 
change in time of flowering and, of course, further accentuates differ- 
ences in height of the stem. The effect of the light period on the height 
of the plant is shown in plate 2, B. 

A series of plantings of sunflower were made at intervals of two weeks 
through the summer months. Observations were made on heights at- 
tained by the plants, the dates of flowering and the hydrogen-ion concen- 
■tration of' the cell sap at different stages of development. The data on 
height attained and time of flowering are shown in Table XI. The 
maximum height was reached by the first two plantings, but unfortun- 
ately exact data were not secured on these plantings. The plantings 
made after August 25 failed to flower because of onset of cold weather. 

Table XI . — Ntimher of days from germination io flowering and final height attained by 
Hdianthus amiuus when planted at two-week intervals during the srimnwr months 


Date planted. 


! 

i 


Date of I Date of first open 
germination. | blossom. 


Number i 
of days ; 
from ger- | 
mination \ 
to flower- 1 
tng. I 


Average 
height of 
plants at 
time of 
flowering. 


June 15. 
June 29. 
July 13. 
July 27. 
Aug. II. 
Aug. 25. 


I June 29. 

I July 5. 

! Jtiiy 19- 

I Aug. 2... 
I Aug. 18., 
j Sept. 2.. 


Aug. 19. 

. .do 

Sept. 6. . 
Sept, 19. 
Oct. 2... 
Oct. 24.. 


Inches. 


%I 


45 

* ” ■ * 

49 

66 

48 

i 60 

45 : 

1 50 

52 : 

i 43 


Results of observations on acidity relations in the different plantings 
at given stages of development and of indi\ddual plantings at various 
stages of development are shoTO in Table XII. For the leaf samples 
the three topmost leaves, exclusive of the embryonic leaves of the bud, 
were used. A 2 -inch section of the stem immediately below' the apical 
bud and a similar section immediately above the ground level were used. 
The data are consistent and establish several points of interest. Under 
the seasonal range in length of day at Washington the^ response of this 
sunflower closely coincides with that of cosmos and Tithonia when these 
are exposed to short days. Exactly the same relationship holds with 
respect to acidity of the cell sap. In the 'first section of. Table XII data 
are given for seven different plantings of sunflower 'at 2-week intervals, 
and it is apparent that the seasonal difference in length of day does not 
materially affect the acidity of the plant during the first 3 weeks of gro^wth,. 
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Tfirougliout this period the acidity of the tissues in the region of the apex 
is decidedly less than that of the lower portion of the stem (fig. 8). In 
all plantings flower buds could be seen about 30 days after germination. 
The data in the second section of the table show the changes in acidity 
which axe associated with the appearance and development of the flower 
bud. In earlier stages of development acidity relations in the young, 
topmost leaves, the upper portion of the stem, and the growing point 
are much the same. The appearance of the flower bud, however, is 
marked by considerable increase in acidity in the upper portions of the 
plant and the flower bud increases progressively in acidity as growth 
proceeds (fig. 8). ildditional observations on other field plantings show 
further increase in acidity till a Pjj value as low as 5.22 is reached in the 
fully expanded blossom. On the other hand, as the seeds develop these 
show decreasing acidity till in large well-filled seeds the value rises to 
approximately 7.05. 

^ />/^M£T£R Of £lOW£R BOPS //V /NCB£S 

J.O /.£ £0 ’ , 2.5 3.0 


6.0 

e.2 

6.4 

6.6 

e.a 

7.0 


7.2 


, 7.4 

29 5 /S 2 /B 2 /4 

OON£ Oifir MO. 5£PT. 

Fig. 8. — Showing the effect of the' natural change in length of day of summer and early fall on the active 
acidity of the top and base of the axis in sunflower and the change in acidity during the development 
of the flower bud (Table XII). Sunflower resembles the typical long-day plants in that within the 
seasonal range in length of day (at Washington) the active acidity at the top of the stem is less than 
that of the base. The flower bud increases sharply and regularly as growth proceeds. 


Tabl:^ XII . — Skowhig the Ph value of the cell sap of Heiimitkiis anmms plarJed ai 
iniervais of tv'o iceeks during the summer and ai diferent stages of development 


Date of 
germinati'on. 

Date of 
sample. 

Number i 
of days 

after ger- 1 Hour of 

rainatioa i sampling. 

when 1 
sampled. •; 


Ph value of sap. 


Diam- 
eter of 
flower 
bud. 

Top- 

most 

leaves. 

Top 

of 

stem. 

Base 

of 

stem. 

Apical 

bud. 

Flower 

bud. 

June 29 

July = 

July 12 

13 1 11.30 a, m 

7. 16 

7-33 

437 



inches. 







t Tl 

t i.. 





Aug. 3 

Auri IQ 


7 T 9 


6. 49 


. 


xs ; 1 p. in 

15 i 12.35 P- 

15 1 9. 50 a. m . . . . ! 

7 * os 
7.15 





Sept. 2 

' Sept. 17..... 


6.31 
5-99 
6. 12 




Sent. 1ji i 

' Sept. 29 

■ Sept, a ' 

1 7. 12 : 

7 - 32 
7-13 




Aug. 18. 

IS I I p. m ' 

22 1 9.50 a. m 1 

■ 7 -OS 1 

* 1 




Do 1 

Sept. 9 . . . . ; . 
Sept. 13 .... . 

1 7. II' 



Do. 

26 i 2.50 p. m 



7.18 : 



Do.......' 

Sept. IS 

Sept. 23 

if9.2oa.m.- 

II::::' 


6- IS 

i 7. 11 



'■ Do....... 

' “ j\ii.5oa. m. 1 

! 36 1 9.30 a. m ; 

ii i 


'6.89 

■ 51 

Aug. 2 

J^pt. 9 

i 38; 9.50 a. m, i 




6.81 ' 


Do ....... 

Sept. 13 . , . , . 

1 42 1 1.15 p. m, .■....] 



; i 

6, 52 ■' 

! x 5'3 

Do....... 

Sept. 34. ... . 

1 . ! 19.50 a. m. 1 


6.83 



6.36'" 

i' 2 

1 p. m 


6. 13 

1 ■ 


Do....... 

Sept, 30 

1 59 ! 2 . 3 o.p.'m. , . . 




6. 17 







1' ' : 
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4 

6.^ 

0.6 

e.s\ 


7.0 


7.^1 
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iu.i 1 




23 

FEB. 


Observations on plantings which germinated in the greenhouse on Jan- 
uary 23 and were exposed to the natural daylight period and to 18 hours 
of daily illumination, respectively, are recorded in Table XIII. The 
lengthened illumination period was maintained by use of 100- watt lamps 
from sunset till midnight, the lamps being placed about i foot above the 
plants. First flower buds were showing on the plants exposed to the 
natural light period on March i, or 37 days after germination, and under 
the 18-hour period first flower buds were seen March 22, or 58 days after 
germination. For all observations 
prior to April 6, however, only plants 
which had not formed flower buds 
were used, except that one of the 
four individuals in the short-day 
series used on March 14 contained 
a very small bud. It is evident that 
18 hours of light daily, as compared 
with the natural daylight period 
ranging from about gyi to i2>^ 
hours, materially delayed the time of 
flowering and increased the height 
of the stem. It is clear, also, that 
the longer light period maintained 
a higher level of acidity in the 
upper portions of the plant than 
did the shorter light period (fig. 9). 

There is, therefore, a tendency for 
the sunflow^er when exposed to an 18-hour light period to show the 
growth and acidity relations of typical short-day plants like cosmos and 
Tithonia when exposed tc long days. The data in Tables XII and 
XIII, taken together, show that Helimiiktis annmis forms a connecting 
link between short-day and long-day plants, since it shows some of the 
characteristics of both types. 

— Showing the Pe valit£ of cell sap of Helianihm annum exposed to the 
nmtufal length of day during the winter and early spring and to 18 hours of daily illumi- 
nation. 

PI,ANTS BXPOSUD TO THB NATURAl, rSNGTH OP DAY. 


/3 




Fig. 9- — Showing the increase in level of active 
acidity of the apical structures in sunflower when 
the daily light period is increased to iS hours. 
(Table XEII.) Under these conditions flower* 
ing is delayed, and in this respect as well as in 
the increased active acidity of the apes sun- 
flower approaches the behavior of typical short- 
day plants such as cosmos. Thus, sunflower 
may be regarded as a connecting link between 
the more typical short-day plants on the one 
hand andthe typical long-day plants on the other. 




Hour of sampling. 

Ph values. 

Date, 

Height. 

Apical bud. 

Top of stem. 

Base of stem. 

Apical 

bud. 

Top of 
stem. 

Base of 
stem. 

Feb. 23 

Mar. 4 

Mar. 14 ^ 

Apr. 6 J 

[inches 
: iiK i 
17 i 

24K 1 
S 6 K 1 

10.50 a. HI. ; 
10.55 a. m. 1 
10.4$ a. HI. ; 

10.50 a. m. 

i.iSp. m. 

1.30 P. m. 1 

I-S 5 P- 
2.5s p.m. 1 
[ 3.20 p.m. 1 
4 p. m. 

7-04 1 
! 6.81 1 
46.44 1 

6.88 

I 6.99 

1 6.98 
6.91 

S -99 

6,09 

6;. 13 

I 6.18 


FDANTS BXPOSUD TO l 8 HOURS OF IDDUMINATION DAIDY. 


Feb, 23. ' ' . . . 

inches 

'20 


10.10 a. m. 
1.05 p. m. 

12.55 p. m. 

■ 2.55 p.m.' 


6.56 

6-63 

5-78 

6, 10 

Mar. 4" ........... . 


: 9.50 a. m. 

6.82 

Mar. 14. . . . 

45/^3 

9.55 a, m . 

12.15 p. m. 

■ 2,20 p. m . 

6.73 

6.76 

6.i'6 

Apr. 6. .',.,1 

i 

mA 

9.45 a. m. 

12.35 P' 

' 2.50 p. m . 

“6.50 

1 6 . 6s 

6.17 


a Ymmg flower buds, i to iK inches in diameter. 
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ACIDITY RELATIONS DURING THE PERIOD OF TRANSITION FROM 
THE VEGETATIVE TO THE FEOWERING CONDITION 

The data which have been presented in the preceding paragraphs show 
that decided change in the hydrogen-ion concentration of the cell sap is 
closely associated with change in the course of development of the plants 
as induced by increasing or decreasing the duration of the daily illumina- 
tion period. Thus, change from long to short days, which promptly ini- 
tiates flowering in such plants as cosmos and Biloxi soy beans, also 
results in marked change in the active acidity of the plant sap. The ques- 
tion arises at once as to tlie possible significance of the change in acidity. 
In this connection the time and extent of the change in acidity in relation 
to the time at which actual transition from one type of activity to another 

takes place is of special inter- ' 
^ est. , It is obvious that abrupt 

• I -T I 5 change from long to short days 

acts very quickly in initiating 
the formation of flower prim- 
ordia in typical short - day 
plants, so that any causal fac- 
tor must be operative within a ^ 
few days after the change in 
light exposure occurs. It has 
already been pointed out that 
decided change in acidity usu- 
ally becomes apparent about 
three to five da3^s after the 
change in light conditions has 
been made. At this time there 
is a sudden and marked de- 
crease in acidity. This de- 
crease, however, is only tempo- 
rary and is promptly followed 
by abrupt increase in acidity 
to approximately the original level. This is followed by a further, slow 
increase during the development of the reproductive organs. 

These changes in acidity in Biloxi soy beans, as recorded in Table V 
(p. 137), are brought out more clearly in figure 10. It is believed that 
the sharp decline in acidity of the sap, occurring in this case 5 to 8 days 
after transfer to the lo-hour day, definitely marks the actual transition 
from the vegetative to the flowering stage. It will be observed that a 
similar but somewhat less pronounced decrease in acidity occurred a few 
days later in the plants exposed to the natural decrease in length of, day. 
These plants began flowering September 15 and it is known that after 
suitable change in length of day has occurred a minimum period of about 
25 daj^s must elapse , before the appearance of open blossoms. Hence, 
initiation of flower-bud formation must have been induced at about the 
time of the sharp decline in acidity. Since the natural decrease in length 
of day iS' gradual, it is to be, expected that a, critical point must occur at 
which there will be a condition of unstable equilibrium. A glance at 
figure 10 will disclose distinct evidence of such a wavering or “wobbling’' 
.action, the fi,n,al transition from vegetative to flowering condition appar- ' 
rently occurring about August 19, just 27, days before 'the appearance of 
open blossoms. 


Fig. 10. — Showing the temporary, sharp decrease in active 
acidity of the cdl sap in Biloxi soy beans which results 
from suitable decrease in the daily illumination period 
(Table V), This change in acti^^e acidity apparently 
marks the transition from the vegetative to the repro- 
duction stage. The abrupt shortening of the daylight 
period produces a more decisive effect both in the tem- 
porary fall and in the subsequent rise in active acidity. 
The gradual, natural decrease in length of day seems 
to cause a less decisive wavering effect, probably indi- 
cating a rather delicate balance between the alterna- 
tive vegetative and reproductive forms of activity. 
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In the preceding experiment tiie soy beans were not planted till July 
I and consequently under the natural length of day flowering began 
about 10 days later than the normal date of flowering for earlier plant- 
ings. In repeating the experiment, the results of which are shown in 
Table VI (p. 138), plantings w^e made May 15, and in this case flowering 
began September 4 under the natural length of da}^ The changes in 
acidity as shown in Table VI are much the same as in the previous ^ex- 
periment, under both the natural length of day and the lo-hour day. In 
this instance flowering apparently was initiated about July 27, but, 
because of the greater length of the day as compared witli liiat prevailing 
at the transition period in the preceding experiment, 39 days were re- 
quired for the appearance of open blossoms. This is in agreement with 
previous experience (see 8, p, 882). 

There is no satisfactory evidence that the drop in acidity of the sap 
which occurs during the transition from the vegetative to the flowering 
stage stands in a causal relation to this phenomenon. It seems more 
likely that the sudden decrease in acidity marks a temporary cessation of 
metabolic activity of the type concerned in stem elongation and of which 
the acidity itself is a product. It is to be remembered that light is not 
necessary for the decomposition of organic acids in the plant, while, on 
the other hand, exposure to light does result in the formation of these 
acids. The above results, if they have been correctly interpreted, are of 
interest, however, in indicating the triggerlike character of the transition 
from the vegetative to the flowering condition and furnishing a means of 
recognizing the very early stages in the series of transformations involved. 
It is quite possible, moreover, that these changes in acidity, as a link in 
the chain of events set up, in the first instance, by change in the light 
period, have important end results in influencing plant metabolism. The 
acidity relations in the plants under the lo-hour day in comparison with 
those under the natural length of day, as brought out in figure 10 and 
Tables V and VI, are in full agreement with the observed responses of 
the plants under the two conditions. Similar relationships are seen, also, 
in the data obtained with cosmos, Tithonia, and, other species. 

CARBOHYDRATE RELATIONS IN PHOTOPERIODISM 

In view of the attention which plant physiologists have given in recent 
years to carbohydrate content of the plant as a factor in flowering and 
fruiting it seems desirable to include in the present paper the results of 
preliminary observations on the influence of length of day on the con- 
centration of soluble, carbohydrate in the tissues of the plant. Discus- 
sion of the literature on the general subject of carbohydrate content, 
in relation to sexual reproduction is deferred till more complete data 
axe available on effect of duration of the. light period on the carbohydrate 
relations of the plant.. In this connection mention should be made of 
recent work by Nightingale (ai) dealing with the effect of the, light period 
on the behavior .and the chemical composition of certain plants. This 
author suggests that the duration of the light period is , a f acto.r in the 
utilization of carbohydrate for 'the conversion of nitrate nitrogen into 
protein form. In certain varieties of buckwheat, soy beans, radish, and 
salvia a 7-hour day limite.d the synthesis of' nitrates, to insoluble fomis of 
nitrogen, even though an available’ supply of carbohydrate . was present. 
In tomato plants, already' containing an abundance .of carbohydrates.- 
shortening the light period caused marked decrease of carbohydrate:- 
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content coupled with decomposition of insoluble nitrogen. Under these 
conditions there was new growth, although there was no external supply 
of nitrates. As bearing on these relationships it may be pointed out that 
the relative capacity to effectively utilize carbohydrate for promotion 
of growth, the physiological translocation of plastic nutrients upward 
or downward in the plant, and the ‘'reworking’’ of nitrogen and other 
plant-food elements present in limited quantities as a result of appro- 
priate change in the light period have been discussed in a previous 
paper (8, pp. Sg6, goi) in so far as these phenomena are made evident 
by the observed responses of the plants. 

Biloxi soy beans were planted June 29 in the field and samples of leaves 
were collected at intervals of two to three weeks for determination of 
soluble carbohydrates and nitrogen in the cell sap. The plants began 
flowering September 12. The leaf samples consisted of sets of three 
upper full-size leaves of the plant. The samples were collected at 10.30 
a. m. The material was frozen and the sap expressed and filtered. To 
preserve the sap for sugar determinations, alcohol was added in quantity 
to form a 60 per cent solution after mixing, while for preserving the 
samples for nitrogen determination sulphuric acid was added to form a 
4.5 per cent solution after mixing. Reducing sugars were determined, 
before and after inversion with hydrochloric acid, according to the 
methods for foods and feeding stuffs of the Association of Official Agri- 
cultural Chemists, The nitrogen determinations were made according 
to the official Kjeldahl method modified to include nitrogen in nitrates. 
The results are shown in Table XIV, So far as may be judged by these 
data there is a slight increase in reducing sugar in the leaf at about the 
time flower buds are laid down, followed by a decrease during the period 
of unfolding the first blossoms. Three weeks after the flowering stage 
is reached, however, when seed development is well under way, there is 
a marked increase in reducing sugar and a small increase in soluble 
nitrogen. There appears to be little if any polysaccharid present 
in the sap at any stage. The data are not sufficient to justify 
final conclusion, but as far as they go seem to indicate that the most 
marked accumulation of soluble forms of carbohydrate and nitrogen in 
the leaf takes place after flowering has been initiated and during the 
active^ development of the fruit. 


Tabx^U XIV . — Sugars and nitrogen contained in 10 cc, portions of sap of Biloxi soy 
beam taken at intervals during ike growing season. 




Kedticing sugars. 



Date of sample. 

Before m- 
version, 
(a) 

After in- 
version, 
(b) 

Difference. 

(b-a) 

Nitrogen. 

Julv 26. 

Gni. 

Gw. 
0.0954 
. 1060 
.0786 
.0766 
.1764 

Gm. 

0.002 

.003 

.0036 

Gm. 

0.0219 

.0247 

1 . 0226 

.0236 

1 . . 0290 

Aug. 16. 

. ^030 

Sept., 7. 

1 .0750 

.0764 
. 1692 

Sept. '21 ' j 

Oct. 6. ■ 1 

.0072 


Uate-flowering Cos'wws bipinnaius was planted in boxes out of doors, 
on '.May 10. On August 5, when the plants were about 60 inches high, 
one lot was placed under a lo-hour day. Under the lo-liour day flower 
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buds were first seen on August 17 and under the natural length of day 
they were observed on September 21. Samples for analysis, consisting 
of upper sections of the stems 18 inches in length, were collected at 
intervals, the attached leaves being removed and rejected. The samples 
were taken at i to 2 p. m. After taking the green w^eights of^ the steins, 
these were cut into 2-inch pieces and plunged into boiling alcohol to 
which a small quantity of c^cium carbonate had been added. Boiling 
was continued for 15 minutes. Extraction of sugars from the stem 
material was completed with 50 per cent alcohol. Reducing sugar was^ 
determined before and after inversion. The water content of the sam- 
ples was obtained by drying the extracts and residues at 100° C. and 
deducting the weights from the green weights of the samples. The 
results of the analyses are given in Table XV. There is in these data 
some indication of change in water content of the tissues as a result of 
change in the light period. Apparently a slight decrease in water con- 
tent had taken place four days after the transfer to a lo-hour day had 
been made, w'-hile 12 days later, after flower buds had appeared, the 
water content had risen to 2 per cent above that of the plants exposed 
to the natural length of day. In this connection it is to be noted that 
this increase in water content occurs at a time when exceedingly rapid 
elongation of the flower stems takes place. 

Table; XV . — Water a?id sugars co ntained in the upper poriioti of the stem of late-flowering 
cosmos as affected by tra^isfer August § from the natural length of day of summer to 
a lo-hour day. 


Date. 

W^ater content. 

Total reducing 
sugar after inver- 
sion. 

Reducing sugar 
before inversion. 

Sucrose. 

Natural 
length 
of day. 

lo-hour 

day. 

Natural 
length 
of day. 

lo-hour 

day. 

Natural 
length 
of day. 

3o-hour 

day. 



Natural 
length 
of day. 

xo-iiour 

day. 


Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

■ 

Per cent 

Per cent. 

August 7 ■■ 

84-95 

85. 18 

18.41 

21.02 

8.1S 

10.40 

9-75 

10.09 

Au^st 9 

85.00 

84.64 

14.02 ; 

20.80 

6-37 

6.85 

7-27 

13-25 

August 21 

84.89 

86. 74 j 

16.25 

1 

1 20.75 j 

7-79 

10.79 ; 

8.04 i 

9.46 


It is plain that shortening the light period had a prompt and decided 
effect on the content of soluble carbohy^ate. Two days after tlie change 
had been made there had been an increase amounting to 14 per cent of 
total sugars originally present. Thereafter, total sugars remained prac- 
tically constant under the lo-hour da3q although there was considerable 
fluctuation under the longer length of day. It will be observed that 
transfer to the short-day conditions affected the relative percentages of 
monosaccharid and polysaccharid. The increase , of oarbohydrate 
within the first 48 hours consisted almost entirely of reducing sugar, 
while 2 da^^s later, with the total sugar content remaining constant, there 
was a marked increase in polysaccharid at the expense of the reducing 
sugar originally present. This change in proportion of monosaccharid 
to polysaccharid seems to be temporary, and subsequently the ten- 
dency is toward a return to a more nearly equal distribution between 
the two classes of sugars. Further studies are under way to detennine 
whether these relationships are characteristic features of the effect of 
the light period, on internal conditions of the plant in association with 
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change from the vegetative to the flowering condition induced by the 
light factor. There is no apparent reason for supposing that these 
changes in carbohydrate content are directly connected with photosyn- 
thesis, since the increase in soluble carbohydrate is caused by decrease 
in the duration of the illumination period. 

Scarlet Globe radish was planted in the greenhouse September 29, and 
one lot of plants was allowed to grow under the natural length of day 
while a second lot w^as exposed to an 18-hour day, using electric light to 
prolong the daylight period. On January 10 the two lots of plants, were 
sampled for determination of reducing sugar in the sap. Under the short 
day the plants sampled had not developed flowering stems but under the 
long day the plants had developed stems 20-24 inches high and these 
were showing flower buds at the tips. In sampling the thickened root 
only a central horizontal section was used. In the leaf material only the 
stem was used, the lamina being discarded. The stems were divided 
into upper and lower portions, fixe point of division being somewhat 
below the center. Leaf samples were taken at 10.30 a. m. and the other 
material at i p. m. The saps were prepared by grinding and pressing 
the material without freezing and then fiitering the expressed juice. The 
results of the analyses are shown in Table XVI. In brief, it seems that 
under the longer light period the content of reducing sugar is consider- 
ably greater than under the relatively short light period and the con- 
centration in the upper portion of the stem is much greater than in the 
lower. Nightingale {21) also found rapid upward translocation of car- 
bohydrate in radish exposed to a long day. Apparently the increase in 
reducing sugar under the longer illumination period is not due simply to 
increased photosynthesis, since under these conditions the thickened 
root undergoes shrinkage as a result of dissolution and translocation of 
storage forms of carbohydrate. 


TabuisXVI . — Reducing sugar in sap of radish exposed to an 18-hour day and to the 
natural length of day of 'ivinter. 



[ Reducing sugar in 25 cc. of 
; sap, calculated as dextrose. 

Material. 

Plants exposed 
: to an 18-hour 
day. 

! 

j Plants exposed 

1 to the natural 

1 length of day. 

Upper portion of primar^^ stem. 

Lower portion of primary stem. ■ '. . . 

.Leaf stem. ■ 

Middle section of tuber 

Gm. 

; o.iip2 
! -oiss 
i .0332 
! .0292 

: Gm. 

\ 0.0185 

: 

CONCLUSIONS 


■ The phenomena of photoperiodism as presented in this and preceding, 
papers emphasize the fact that in addition to influencing the fundamental 
process of photos}mthesis— that is, conversion of the chemical elements of 
carbon dioxide and water 'into carbohydrate— the duration of the' daily 
light ' period' may definitely control ■ other ' parallel processes of funda- 
mental ' importance in plant growth and developm'ent. The light period 
may determine not only the quantity of carbohydrate produced but also 
the utilization of this material, . and it is not possible to explain either the 
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definite formative effects of the light period or its action on the growth 
rate on the basis of photosynthesis alone. What these additional pro- 
cesses are has not been determined, but there can be no question as to 
their fundamental importance. In the present paper data are presented 
which indicate that the light period in some way profoundly infiuences 
acidity relations, the form of the carbohydrate present in the plant 
. probably the water content of the tissues. Daily periodicity in content 
of total uncombined acid as affected by hght is an outstanding feature of 
acidit}^ relations in fleshy plants, but in tbe types of thin-leaved species 
here dealt with this daily periodicity is of much smaller magnitude. In 
the present paper the influence of the relative length of day and night 
on the average level of active acidity in the plant, as measured by the 
hydrogen-ion concentration of the sap, is considered in some detail. It 
is shown tliat growdh relations and definite form of expression as con- 
trolled by length of day are regularly associated wdtih characteristic 
acidity relations. 

In the case of short-day plants, indeterminate upW'ard elongation of 
the vegetative stem, which is a characteristic response to a relatively 
long daily illumination period, is associated with progressive increase in 
r active acidity of the plant, particularly in the region of the growing 
point. This increase continues till the upper portions of the plant 
become more acid than the lower portions. On the other hand, exposure 
to a relatively short daily light period sharply limits increase in stature 
and quickly initiates flowering and fruiting. Under these conditions a 
brief transitory period of decreased acidity is followed by only a moderate 
increase until a level is approached at which flowering is initiated. This 
level of acidity is much below that characteristic of the advanced vege- 
tative stage under long-day conditions. Under the short-day exposure 
the upper portions of the plant are less acid than the lower portions. 
After flowering has been initiated there is progressive increase in acidity 
in the vegetative parts of the plant. As to tiie reproductive structures 
themselves, the embryonic flower bud is relatively low in acidity, while 
growTh of the bud is accompanied by increasing acidity which reaches a 
maximum in the unfolded blossom. The developing seed, on the other 
hand, shows a progressive decline in acidity during the period of active 
growth. Abrupt transfer from a long day to a short day causes a sudden 
and sharp decrease in acidity in the region of the growing point, which 
usually occurs about three to five days after the transfer has been made. 
This drop in acidity, wffich is believed to indicate definite transition 
from the vegetative to the flowering condition, is only temporary and 
is followed by an equally rapid rise to approximately the original level 
of acidity. These changes in acidity are also obser\^ed when flowering 
is initiated' by natural decrease in length of day, but the extent and the 
sharpness of tlie changes in acidity are more or less proportional to the' 
amount of the change in duration .■ of . the light period. , The acidity 
relations resulting from exposure to the long days of summer also obtain 
when the short daylight period of winter is prolonged by use of electric 
light of low intensity. 

In the case of long-day plants exposure to a relatively short day tends ,, 
to inhibit ' Stem elongation, resulting in’. the leaf-rosette type of develop- 
ment, vhth or without tuberization. Under the'Se . conditions 'the 'addity 
of the plant remains at a, relatively low level. Exposure to a relatively 
long" day more commonly results in' dongation of the axis, followed by 
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flowering. This form of development is associated with general increase 
in acidity. There appear to be some differences in detail, however, as 
to tlie acidity relations in the type of plant represented by summer 
radish, in which tuberization is a prominent feature, as compared with 
the type represented by Rudbeckia bicolor, in which tuberization ordi- 
narily does not occur. In radish, increase in the duration of, the daily 
light period causes increased acidity in the leaf, and acidity is greater in 
the upper portion of the stem than in the lower even in th,e earlier stages 
of stem elongation. In Rudbeckia, increase in the light period causes 
decreased acidity in the leaf, and the upper portion of the stem is con- 
sistently less acid than the lower portion until after the blossom has 
unfolded. In both radish and Rudbeckia, however, the acidity of the 
upper portion of the stem increases progressively both before and after 
the appearance of flower buds. The acidity relations in the Rudbeckia 
type of plant when exposed to long days are strikingly similar to those 
of short-day plants when the latter are exposed to short days. In both 
instances lie acidity of the stem increases moderately prior to the 
appearance of flower buds, and the reproductive structures themselves 
increase in acidity as growth proceeds, maximum acidity being found 
in the unfolded blossom. Moreover, the upper portion of the developing 
stem is less acid than the lower portion, in contrast with conditions in 
short-day plants when these are exposed to long days. 

There is a group of plants which occupy a position intermediate between 
the more typical short-day and long-day groups in their responses to 
differences in the length of day. This group shows some of the features 
of both short-day and long-day plants. Thus, in Helianthus annuus 
the time of flowering is not materially influenced by the natural range 
in length of day of spring and summer at Washington, but the stature 
attained is greatly affected. Increasing the daily light period to iS 
hours, moreover, causes considerable delay in flowering. Thus, under 
the relatively long days of summer this species shows much the same 
behavior as do short-day plants when they are exposed to short days or 
long-da^’' plants when exposed to long days. It was found also that 
the same relationships hold as to acidity of the cell sap. On the other 
hand/ when exposed to an 1 8-hour illumination period this sunflower 
approaches' in behavior that of short-day plants when exposed to long 
days. Here, again, the rise in acidity of the sap resulting from the longer 
light period shows an approach toward the condition of high acidity 
found in the sho,rt-day plants when exposed to long days. This type of 
plant, therefore, forms a connecting .link between the two groups of 
short-day and long-day plants. 

Prelim, inary studies, which are now being followed up with more 
extensive observations, indicate that changes in form of the carbohydrate 
content and in the degree of hydration of the tissues of the plant are 
among the earliest observable effects of change in the length of day to 
which the plant is exposed. Transfer of cosmos plants from a long to a 
short day resulted in a material increase in reducing sugar in the upper 
portion of the stem within 48 hours after the transfer had been made. 
Two days later the increase in sugar content was found to be in the form 
of polysaccharid, and ■ apparently this was accompanied by a ' slight 
■decrease in water content of the tissues. Twelve days later, sffter flower 
buds had appeared, the increased content of sugar was again in the form 
of monosaccharid. A ■ notable increase in water content of the tissues 
also had taken place. In Biloxi soy beans exposed to natural length of 
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day of late summer and fall a slight increase in reducing sugar was found 
in the sap of the leaf at about the time flower buds were laid down, 
follow^ed by a decrease at the time open blossoms appeared. A marked 
increase in reducing sugar and a smaller increase in soluble nitrogen was 
obsen.’^ed 15 days later, when development of the fruit vras rapidly 
progressing. In summer radish, elongation of the stem resulting from 
exposure to a long day is associated with an increased content of reducing 
sugar in the tissues and maximum concentration is found in the upper 
portion of the stem. 
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PLATE I 


A. — Bidens frondosa L. Plants from seed which germinated December i. The 
individual at right was exposed to the natural daylight period of winter supplemented 
with electric illumination of low intensity from sunset till midnight each day. Indi- 
vidual at left received similar treatment till January 30 after which it was exposed 
to the natural daylight period only. Shortening the duration of the daily illumination 
period promptly initiated fiowering and open blossoms were seen March i, the plant 
having attained a height of 15 inches. When the photograph was made, April 17, the 
plant at left had ripened its seed and was dead. The plant at right, which remained 
under the long daily illumination, had attained a height of 6 feet without flowering. 
This species shows the typical behavior of short-day plants, 

B. — Late-flowering cosmos (C. bipinnatus Cav.), showing change from the flowering 
condition back to the vegetative stage as a result of increase in length of the daylight 
period to which the plant was exposed. This plant, which germinated May 15, was 
exposed to a lo-hour day till Tune 13, and thereafter it was exposed to the full daylight 
period of summer. Flower buds appeared as early as June 3 and flowering had begun 
by June 19. It is apparent that when photographed, July 20, the new branches 
developing under long-day conditions were primarily of the vegetative type, though 
some flower buds were still developing. Though the indeterminate vegetative type 
of growth is thus restored by increase in length of the daily illumination period, the 
flowering condition, once it has been established, is completely destroyed only very 
slowly and with difficulty, if at all. 
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PLATE 2 


A. — Rudheck a bicolor Nutt. Plants from seed sowed December 19. The indi- 
vidual at left was exposed to the natural daylight period of winter supplemented by 
electric illumination from sunset till midnight. The individual at right received 
only seven hours of illumination daily. Photographed May 14. The behavior of 
Rudbeckia is typical of the group of plants which quickly flower in response to rela- 
tively long days, and therefore are designated as long-day plants. Ordinarily in this 
group the height attained is more or less directly proportional to the length of day. 

B. — Helianihus annuus L. Seedlings which germinated January 23. The larger 
plants at right were exposed to the natural daylight period of winter and spring, while 
the smaller plants at left received only seven hours of illumination daily. Photo- 
graphed April 12. The time of flowering was not affected by the reduced illumination 
period, but the height attained was markedly decreased- On the other hand, if the 
illumination period is increased to 18 hours, the time of fio’wering is delayed. This 
sunflower show's some of the characteristics of both short-day and long-day plants. 




ON THE ANATOMY OE THE SWEET POTATO ROOT, 
WITH NOTES ON INTERNAL BREAKDOWN 


By Brnst Arxschwagbr 

Asnsiant Paikologisi, Cotton, Truck, and Forage Crop Disease I n-vesUgations, Bureau of 
Plant Industry, United States Department of Agriculture 

introduction 

The fleshy roots of the different varieties of Ipomoea batatas Lam. are 
fusiform, napiform, or irregular-spherical. The surface of the skin 
appears uniform and smooth in some varieties, and in others hregularly 
ribbed, because of the presence of vein-like prominences. The secondary 
roots are an'anged in more or less straight vertical rows. Each of these 
rootlets sits in a shallow depression surrounded by an arch of rough, scar- 
like tissue, which in shape and texture closely resembles a potato eye. 
Occasionalty the fleshy roots are deeply lobed so that the rows of lateral 
rootlets lie in longitudinal grooves. 

The root nature of these fleshy structures was first shown by Turpin 
(6) c who published figures comparing the roots of Ipomoea to the tubers 
of the Irish potato and the Jerusalem artichoke. Recently Kamerling 
(j) and Tuyihusa (7) have taken exception to this view and claimed that 
these fleshy structures are modified stems. But the validity of this 
assumption, ho^rever ably defended otherwise, becomes untenable when 
young material is studied. The exarch position of the protoxylem 
decides, without further argument, in favor of the root-structure theory 
of these organs. 

Since the sweet potato belongs to a group of plants which are dis- 
tinguished by a peculiar anomalous growth, its anatomical structure 
has been studied indirectly by a number of investigators, notably by 
Schmitz (5). The only direct contribution to the knowdedge of the 
internal structure of the sweet potato is a short treatise by Miss McCor- 
mick (4) , who also has review^ed all pertinent literature. 

THB STRUCTURE OF THE YOUNG ROOT 

The young root shows in transverse section several groups of vascular 
tissue, separated from a thick cortex by an endodermis. (Tig. i.) The 
vascular tissue is arranged radiall}^ the xylem and phloem in alternating 
strands. The number of protoxylem points varies, but most of the roots 
are pentarch or hexarch. In the region near the growing point, the first 
protoxylem elements to mature are those farthest away from the center ; 
the development therefore is centripetal. The later maturing protoxylem 
elements approach each other more and more closely , with the increasing 
age of the region. The protophloem forms small, oval groups lying 
bet'weeti tiie strands of protoxylem and within the circle of the youngest 
protoxylem element. A parenchymatous sheath, composed of small 
cells 'which lack intercellular spaces, inten-^enes betw’-een' phloem and 
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xylem. Botli xylem and pMoem are separated from the endodermis 
by a singiedayered pericycle. 

The cortex forms a broad band of tissue composed of large cells with 
conspicuous intercellular spaces. The peripheral cells are covered by a 
root epidermis which soon becomes torn and is later replaced by a peri- 
derm. 

The secondary rootlets take their origin in the pericycle from meris- 
tematic cells opposite the protoxylem groups. There are commonly as 



Fig. I. — Cross section of a young rootlet. 


many rows of lateral rootlets as there are protoxylem points. This corre- 
lation is well marked in certain overgrown roots, which show five or six 
prominent ridges and the same number of rows of lateral rootlets in the 
intervening grooves. 

EARLY DIFFERENTIATION AND DEVELOPMENT OF THE ROOT 

Even before 'the protoxylem points are differentiated sufficiently to 
effect unioii in the. center, growth activity becomes evident in the central 
parenchyma. ' Due to this cell increase, the protoxylem groups are forced 
outward. Meanwhile, one of the most centrally located parenchyma 
cells has greatly enlarged and matured into a large xylem element. 
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(PI I A and fig. 3.) Occasionally an additional small vessel is formed 
adjacent to the large one. 

Following the differentiation of this large ‘'central cell’' and the forma- 
tion of an area of actively growing tissue between the central cell and 



Fig. 2. — Cross-section of a young fleshy rcnot. A, cortex; B, eiidode.rmis; C, pericyde; D, phloein; E. 
cambium; F. proto-xylem, group. Drawing is a copy of an enlarged photomicrograph. 


the protoxylem groups, the differentiation of a cambium takes place. 
This cambium, lying outside of the xylem and inside of the phloem, 
gradually forms a complete cylinder. The, outline of this cylinder is at 
first very irregular (fig. 3), partly because of the radial arrangement 
of the vascular tissue and partly because of local cell increase in' the 
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pericycle opposite the phloem groups. As the root enlarges, cells are 
produced by the cambium more rapidly in the inner region, and the 
cambium cylinder becomes symmetrical. Occasionally the irregularities 
in the activity of the cambium ring continue to be present throughout 
the growth of the tuber, causing the formation of deep invaginations 
which are especially characteristic of certain varieties, as Nanc}' Hall 
and Belmont. 

The endoderiiiis of the young root is very prominent, but gradually 
the cells become stretched in the tangential plane and show signs of 
disorganization. The ceils of the cortex increase in number to accom- 
inodate the widening circumference of the growing organ. The inter- 
cellular spaces grew larger, whereby^ the tissue acquires a very loose 
texture; the epidermal cells become torn and lignihed. 

Those parts of the sweet pota/co roots which do not become thickened 
undergo similar changes in their ontogeny. But early during the 
differentiation processes, the cells between the protoxylem points and 
the large central cell become lignified (fig. i). Miss McCormick (4) 
states that a certain amount of xylem is developed in all young roots; 
but when a root enters upon tuber formation, the xylem mass is broken 
up by the development of a parenchymatous sheath between its elements. 
This observation, however, was not verified. The enlargement of the 
young roots into fleshy roots is initiated at a very early stage in the 
development of the: root, and ahvays precedes the differentiation of 
X}dem on the inner face of the protoxylem groups. 

With the differentiation of the cambium cylinder, the cells around the 
protoxylem groups begin to show a mere regular arrangement. Soon a 
cambium becomes distinct around each of the groups. This develop- 
ment of. secondary cambiums is not limited to the protoxylem groups, 
but becomes a general phenomenon. (Fig. 6). Simultaneously with 
the formation of secondaiy^ cambiums around the protoxylem ^oups, a 
new meristematic zone deA’elops around the central cell. At first only 
one cell wide, the number of cell rows of this new cambium increases 
rapidly and soon forms a tangential band of appreciable width. At a 
somewhat later stage a number of cells in close proximity to the primary 
cambium mature into xylem. They, in turn, become surrounded by a 
secondary cambium which continues activity for a limited period. In 
the later development of the root there appear, independent of the vas- 
cular groups, cambiums in the form of bands or circles, producing xylem 
toward the center and phloem toward the periphery. In the original 
phloem groups new cambiums may also arise, which produce secondary 
elements in the regular manner. 

The primary cambium cylinder is mean^^'vhile actively dividing, form- 
ing xyletii and phloem, but mostty thin-walled storage parenchyma. 
Tiie xylem elements are few in number, yet shov/ a certain regular arrange- 
ment ill radial rovvs. Around each of the newly formed xylem cells a 
complete or partial cambium may develop, which produces new elements 
in the tegular manner. Often, when the amount of tissue produced by 
the secondary cambitmi is considerable, as can best be seen in tlie re^on 
of the large central cell of the young root. (PI- i, B), a tertiary cambium 
develops around a number of the secondary elements and increases iii the 
same way ''as did the group from' which it arose. ' Sections through fleshy 
roots, 'which exhibit in mature condition the typical ridged structure 
previously mentioned, show the ridges traversed by vascular bundles. 
(Fig: 4.) These bundles originate in the primary cambium ■ cylinder, 
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Fig, j.— P artial cross section of fleshy root' about iq mm, in diam- 
eter. A, 'Cortex; B, cambium; C, seooudary circular cambium; 
D, latex 'Cell in cortex; E, secondary xylem, F, periderm. 
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one another by a single large pore. The lumen of the larger cells becomes 
filled with tyloses which are most prominent in the mature root. 

The storage parench,3^ma is of two types: (a) Normal bundle paren- 
chyma which, like the x\dem and the phloem, is a product of the cambium; 
(b) interstitial parench^^ma — a filler between the groups of bundles. The 
interstitial parench^TOa can be considered the direct progeny of the cells 
of the parenchymatous sheath of the young rootlet. It forms irregular 
areas and even broad zones, which are distinguishable from the surround- 
ing tissue by their lighter color. The cells composing it are commonly 
irregular, elongated, and poor in starch. The cells of the bundle paren- 
chyma are polyhedral and fairly uniform; they are very rich in starch 
and possess a well deA^eloped nucleus. 



Fig. 6. — Cross section of cambium of large fleshy root. Notice the formation of a secondary cambiuin to 
the inside of the group of xyleni elements. 


TISSUE BREAKDOWN IN STORAGE 

Harter and his co workers (a) observ^ed that certain sweet potato roots 
which had been in storage for a number of weeks would show sy^mptoms 
of internal breakdown. An examination of the affected areas showed 
that the cells were partly destroyed and that their starch content was 
greatly reduced. In general, however, the tissues exhibited no chemical 
changes which would indicate far-reaching pathological disturbances. 

From the study- of the structure of the normal tuber, it win be recalled 
that the groups of vascular tissue are separated by undulating bands or 
areas" of parenchyma. Wdien tubers in .the initial stage of breakdown are 
examined, it becomes evident at. once that the first pathological disturb- 
ance has taken place in the interstitial parenchyma. The cells of this 
tissue are large,. i]rregu.lar, and poor' in starch ; vascular elements and' latex 
tubes are ' entirely . wanting, WTien breakdown, occurs, the "cells of the 
affected region become at first "more or less" dehydrated; this is indicated 
by their infiltration with air, . giving them a pure ' white app^earance 
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ivnereby they stand out strikingly from the surrounding tissue (Pi. 4, A). 
This parenchyma gradually acquires a spongy texture as the obliteration of 
cells progresses, leading finally to the formation of small, polyhedral 
chambers which are lined by the remnants of the destroyed tissue. (PI. 
4, A, B, C, D.) 

This process of progressive obliteration begins simultaneously at many 
points, spreading slowty from the center of the fleshy root along the ver- 
tical, axis and in extreme cases involving the entire root. During the 
[ormation of these cavities, transverse zones of tissue may remain in 
certain places, forming diaphragms which break the continuity of the 
longitudinal hollows (PL 4, A). The diaphragms appear as thin, trans- 
lucent membranes from one, to several cell layers thick. The walls of 
the cells are for the most part still cellulose, but some of the elements 
become lignified. In severely affected fleshy roots the diaphragms also 
break down, so that long, continuous air passages traverse the entire 
root. 

Ill advance stages of breakdown, obliteration of the tissue spreads to 
the parenchyma of the individual bundles, resulting in the denudation 
and complete isolation of numerous vascular strands. 

Except for the lignification of individual cells, the tissue lining the 
cavities undergoes no change in the composition of its cell walls. Oc- 
casionally, however, roots show a pronounced discoloration of the cavi- 
ties, and a browning and partial lignification of the tissue bordering the 
hollows. The discoloration may remain more or less confined to the 
lining of the cavities, or it may spread so as to involve several layers. 
At such a stage, a section through a root shows a picture not unlike that 
produced by certain dry rots. The apparent sterility of these cavities 
and the absence of external injuries, however, suggest no complications 
resulting from parasitic infections, and the browning of the tissues must 
be considered, for the present at least, as an advanced stage of the 
original breakdown. 

The hollows which result from the breakdown of the fleshy root tissue 
resemble in their appearance the lysigenous air spaces found in the stems, 
leaves, and roots of grasses; sedges, and a host of other plants. The 
formation of these air passages, according to de Bary (j, p, 216)^ 

begins by those cells which do not follow the growth of the tissue stirrounding tliem, 
liecoming at first separated from one another so as to form schizogeiious cavities which 
gradually increase in si,ze. The cells of the tissue thus broken np then gradually 
lose their protoplasm, drj' up and coalesce as fiaky masses which are attached to the 
wall of the cavitop In other cases, the cells first lose their protoplasm, the membranes 
become apparently thinner, and finally rupture by the extension of the surrounding 
tissue. 

In all these cases the formation of air cavities is a normal phenomenon 
is the- growth and differentiation of the organs of certain plants. The 
cavities themselves are partly the result of unequal growth of the tissues. 
Similar agencies are at work when, under abnormal climatic co,riditioii3, 
organs such as Irish potato tubers show extensive internal ho^liows. 
These cavities, however, do not develop after the tuber is mature and 
placed in storage. 

W'liile the cavities occurring in the sweet potato liave much in cominoii, 
as far as appearances go, vvith those resulting in other plants from normal 
growth processes, and .though the mechanism 'of their formation might 
be the same, or similar, if we consider ty^pical lysigenous cavities, we have 
still to determine, what factors are responsible for such changes' in the 
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normal metabolism of the resting root. Since breakdown is, to all appear- 
ances, correlated with metabolic changes in the resting root, it might be 
possible to find a satisfactory^ explanation on a purely mechanical basis 
by ascertaining the chemical composition of susceptible and resistant 
fieshy roots and noting the changes w^hich take place under various 
conditions of storage. From such evidence it may be possible to deter- 
mine the origin of the trouble, or at least to discover significant correla- 
tions mdiich may point to the solution of the problem. - 

SUMMARY 

The edible structure of Ipomoea batatas is a thickened root. Its 
peculiar anomalous structure is due partly to the action of a primary 
cambium, partly to the development of secondary cambiums and their 
products. 

The cells of the interstitial parenchyma of certain of the varieties' 
break down in storage, causing the formation of polyhedral chambers 
lined with the cottony ddbris of the disintegrated tissue. 
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PLATE X. 

A. — Cross section of young, fieshy root (4 mm. diameter^ Notice prominent 
endodennis. 

B. — Gross section of large vascular bundle of interior of mature iiesliy root. Notice 
tbe development of a tertiaiy^ cambium around a group of xylem cells in trie center 
of tke figure. (Lines are partly redrawn.) 
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PLATE a 


A. — Tangential section of cambium of fleshy root. 

B. — Radial section through cortex and primary cambium. Notice the abundance 
of starch in the cells of tlie cortex. 

C. — Cross section through the primary cambium of a mature fleshy root. Notice 
the formation of a new, partial cambium below the group of xylem cells. 

D. — Longitudinal section of the periderm of a young fleshy root. 



PLATE 3 

A. — Cross section of a mature root (variety Belmont). 

center bundles are distinct. 

B. — Cross section of a mature fleshy root (variety Nancy Hall), 
larger bundles are united, forming a reticulum. 


Notice that the 
Notice that the 



Anatomy of the Sweet Potato Root 


Plate 3 



Journal of Agricultural Research 


Washington, D. C. 




PLATE 4 


A. — Radial cut of fleshy root (variety Key West) showing severe symptoms of 
internal breakdown. The longitudinal passages are interrupted by diaphragms. 
The lining of the cavities shows a brown discoloration. 

B. — ^The same as above, except that the breakdown has not yet reached the stage 
showing brown discoloration. Cavities shaded in drawing. 

C. — Cross section of fleshy root shown in A. Kotice the denudation of the larger 
bundles. 

D. “-Cross section of fleshy root shown in B. This is a typical view exhibited by 
sweet potatoes affected wi& internal breakdown* 








THE INFLUENCE OF LOW TEMPERATURES AND OF 
DISINFECTANTS ON THE EGGS OF ASCARIS LUM- 
BRICOIDES ^ 

By Eloise B. Cram 

Zoological Division, Bureau oj Animal Industry, United States Department of 

Agriculture^ 

INFLUENCE OF LOW TEMPERATURES 

The results of previous investigations have indicated that the eggs of 
Ascaris Imnhricoides are resistant to low temperatures. Wharton (9)® 
states that low temperatures retard the development of the eggs but do 
not kill them; Yoshida (ii) reports experiments in which the eggs were 
put on the ground or under a layer of soil and left through the winter 
months in Osaka, Japan, and their infectivity later proved by their being 
fed to guinea pigs with resulting infestation in these animals. Martin (7) 
states that the eggs resist freezing and are viable after being in the soil 
(Nebraska) over winter. In none of the above reports are definite tem- 
perature ranges given. Wigdor (10) kept eggs of Toxascaris Ivmbata in 
the refrigerator at a temperature of 10° C. and found that their develop- 
ment was retarded but that it ultimately proceeded to the formation of 
motile embryos. 

The present study was made to determine more definitely the possible 
effect v/hich exposure to low temperatures may have on the normal de- 
velopment of the eggs of Ascaris lumhricoides from the pig. To determine 
the relative resistance of the eggs at different stages in their development, 
cultures of fresh, of partially developed, and of completely developed eggs 
(i. e., containing active embryos) were used. Such cultures were ex- 
posed to freezing temperatures above 0° F. (^ — 17.7° C.) and also below 

F., and their subsequent development after restoration to 2^^ C. 
(75^ F-) studied. The purpose of these tests was to determine the pos- 
sibility of such eggs resisting such winter weather conditions as would 
prevail in pig pens, 

TESTS TO determine THE RESISTANCE OF FRESH ASCARIS EUMBRI- 
COIDES EGGS TO VARYING FREEZING TEMPERATURES 

Cultures of eggs were put in Petri dishes, just as squeezed from the 
uteri of the ascarids, were slightly moistened and put in freezers. The 
temperature was read two or three times each day. 

The following exposures were made (i day = 24 hours) : 


For I day below zero ( — 7° to — n® F.) .culture i. 

For 2 days at zero ( — 2® to -f-2° F.) .culture 2. 

For 5 days: 

Above zero, temperature of 27-28° F culture 3, 

Above zero, temperature of 8-11° F .culture 4. 

Below zero (—0.5° to —11° F.) culture 5. 


1 Accepted for publication Nov, 19, 1923. 

® The eacperimental portion of this study was carried out in the chemical laboratory of Armour & Co, 
at Chicago, 111., prior to the author's resignation from that company in October. 19x9. This study was 
a joint project of Armour Sc Co. and the Federal Bureau of Animal Industry, Mr. Paul Rudnick and 
Dr. H, B. Raffensperger, respectively, directing the investigation. The writer takes this occa.^011 to 
acknowledge her indebtedness to these gentlemen for their courteous assistance. 

® Reference is made by number (italic), to “literature cited’S p. 175. 
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For lo days: 

Above zero (27.5° to 32° F.) ciilture 6. 

Below zero (0° to —16° F.) culture 7. 

For 20 days below zero ( — 14° to “1-5° F.)'^ culture 8. 

For 30 days below zero ( — 14° to -f 5° culture 9. 

For 40 days; 

Above zero (10° to 18° F.) culture 10. 

Below zero (—2° to —16° F.) culture ii. 


After being thus exposed to freezing temperatures, the cultures were 
thawed, covered with potassium bichromate (10 per cent), and kept in an 
incubator at 24*^ C. In every case the eggs developed into active em- 
bryos, and neither the length of exposure to the cold nor the degree of 
cold itself seemed to affect the rate of development when the eggs were 
restored to 24^ C. Cleavage appeared in 3 to 5 days, reached the many- 
celled stage in 6 to 8 days, and the motile embryos developed in 13 to 
15 days. Although the low temperature in some cases seemed to break 
up the protoplasm of the egg so that it lost its normal appearance, this 
evidently did not interfere with the development, as cells with this 
appearance decreased in number or disappeared altogether during the 
incubation. 

Although active embryos developed in all the tests, in the last, those 
for 40 days above and below zero F., the embryos seemed to be short- 
lived ; on the sixth day after motion was first observed only a very few 
of the many embryos showed any activity. Apparently this prolonged 
exposure impaired the vitality of the worms, and it seems probable that 
the infectivity of such worms would be lessened. 

TESTS TO determine THE RESISTANCE TO VARYING FREEZING TEM- 
PERATURES OF partiaeey incubated ASCARIS EUMBRICOIDES eggs — 
THE EGGS SHOWING VARIOUS STAGES OF CEDE DIVISION 

Ascaris lumbricoides eggs, developed at 24° C. to various stages of 
cleavage, were held at freezing temperatures as follows: 


For 7 days: 

Above zero (8° to 12° F.) culture A 

Below zero ( — 2° to — 16° F.) culture A' 

For 20 days: 

Above zero (10° to 16° F.) culture B 

Below zero (—2° to —16° F.). culture 


After being kept at these freezing temperatures for the periods of time 
stated, the cultures were covered with a 2 per cent formalin solution 
and kept in the incubator (24^ C.). All four cultures developed active 
embryos, and apparently all the eggs, at whatever stage of cleavage when 
put in the freezer, resumed their development when again incubated at 
24"^ C. That the freezing shortened the life of these embryos was indi- 
cated, however, in the second set of tests, those for 20 days above and 
below zero P. The activity of the developed embryos was quite limited; 
24 days after motion was first observed very few embryos could be 
found which showed any activity. 

However, the viability of such embryos, developed from eggs which 
had been below zero P. for 20 days while in various stages of segmenta- 
tion, was demonstrated in the following series (C) of tests — ^in culture 
P'; the embryonated eggs were fed to a guinea pig and an infection 
produced in the lungs. ■ 


The temperature rose above zero for a brief period in the afternoon on three days. 
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TESTS TO determine THE RESISTANCE TO VARYING FREEZING TEM- 
PERATURES OF ASCARIS UUMBRICOIDES EGGS CONTAINING ACTIVE 
E^^IBRYOS 

Two sets of cultures were kept in freezers, one above zero and one 
below zero, for tbe following lengths of time : 


For I day: 

30® to 32° F 

“13° to --17° F, 
For 5 days; 

30° to 36° F 

“8° to “17° F. 
For 10 days: 

8° to 16° F 

“2° to “i6°F. 
For 20 days: 

7° to 16° F 

“6° to “17° F. 
For 30 days: 

12° to 18° F 

“4° to —14° F. 


culture C. 
.culture C'. 

culture D, 
.culture 

.culture E. 
.culture E^. 

culture F. 
.culture F^. 

.culture G. 
.culture G^. 


Table I . — Detailed tabulation of tests 


State of egg before 
freezing. 

Culture 

number. 

Temperature to which 
exposed. 

Period of 
time (days) . 

Result after restored to 
34° c. 

Fresh 

I 

• 

“7° to “11° F 

I 

Developed into ac- 





live embryos. 

Do... 

2 

-2° to +2°F 

2 

Do. 

Do 

3 

27° to 28° F 

c 

Do. 

Do 

4 

8° to 11° F 


Do. 

Do 

5 

to “11° F.... 

D 

5 

Do. 

Do 

6 

27.5° to 32° F... . . . . 

10 

Do. 

Do 

7 

0° to “i6° F 

10 

Bo. 

Do 

8 

“14° to +5° F 

20 

Do. 

Do 

0 

“i4°to4-i^°F 

i >0 

Do. 

Do 

10 

10° to 18° F. 

AO 

Do. 

Do 

II 

“2° to “i6° F 

40 

Do. 

Partially incubated. . . 

A 

8°to i2''F 

! 7 

Do. 

Do.b. 

A' 

“2° to “16° F 

I 7 ! 

Do. 

Do i 

. B 

10° to 16° F 

20 

Do. 

Do 

B'l 

“2° to “i6° F ’ 

20 i 

Do. ■ 

Containing active 1 

C 1 

30° to 32° F...' 

I 

Activity. 

embr>’'os. 





Do 

CA 

“13° to “17° F 

I 

Do. 

Do....' 

D 

30° to 36° F 

c? 

Do. 

Do. 


“8° to -17° F 

0 

cr 

Do. 

Do 

E 

8° to 16° f”.. 

j 

10 

Do. 

Do. i 

W 

“2° to “i6° F 

10 

Do. 

Do 

F 

7° to 16° F 

20 

Do. 

Do I 


“6° to “17° F, . , . . 

20 

Inactive. 

Do 1 

G 

12° to 18° F 


Active. 

Do.... .1 

G^ 

-4°to -i4'>F 

30 

1 

Inactive. 


All five cultures kept above zero F. for the stated periods showed 
active embryos after thawing. Of those kept below zero F. the first 
three (those of the i-day, the 5-day, and ' the lo-day ' periods) showed' 
active embryos. However, that the infectivity of ■ these embryos' was 
diminished was indicated by the fact that neither the culture kept below 



170 


Journal of Agricultural Research voi. xxvii, no. 


zero F. for tlie s-day nor the one for the lo-da}" period produced an 
infection of the lungs of a guinea pig when fed to it in large amounts. 
The embryos held for 20 days and for 30 days below zero F. showed no 
activity aiter thawing. The former culture (20-day), directl}." after 
thawing and when no activity could be seen, was fed to two guinea pigs 
no riiig-ration of larvae occurred to the lungs of either. However, in this 
ciilt.iire there were some eggs that were in the various stages of cleavage ;■ 
these partially developed eggs formed active embryos when incubated 
after the freezing period, and these embryos proved infective when fed 
to a guinea pig. Nevertheless, the evidence showing diminishing vitality 
with lengthening exposure to low temperatures suggests that there might 
be a decreasing ability to develop beyond the larval stages to maturity 
in the normal host, but this is uncertain. 

THE INFLUENCE OF DISINFECTANTS 

The following series of tests was made as a study of the manner in 
which the normal development of the eggs of Ascaris lumbricoides is 
affected by exposing them to chemical agents. Experiments by other 
investigators have shown that ascarid eggs are remarkably resistant. 
Several different ascarids have been used. Bataillon (i), experimendng 
with eggs of Ascaris eqitorum {^Ascaris megalocephala) , found that living 
embryos developed in eggs kept for six months in Fleming’s solution 
and that these embryos remained motile and intact in 50 per cent alcohol 
33 M cent acetic acid, and 20 per cent sulphuric acid. Of the dog 

and cat ascarids, the eggs of Belascaris cati ( = Ascaris mysfax) were found 
by Leuckart (6, p. 212) to develop completely in alcohol, chromic acid, 
and turpentine; Braun {2, p. 337) reports a similar resistance to those 
reagents and to a soda solution by the eggs of canisy under 

which name he apparently includes several species. Wigdor (lo) found 
that with the eggs of Toxascaris Imibata nitric acid exhibited the highest 
ovicidal action of any of the acids, a 5 per cent solution destroying 50 
per cent of the eggs, while the efficiency of sulphuric, hydrochloric, 
acetic, and oxalic acids decreased in the order given. The alkalis (slaked 
lime, caustic soda, ammoiiiiim hydroxid) were devoid of effect, as were 
also metallic and other salts (corrosive sublimate, copper sulphate, iron 
sulphate, sodium ffuorid, and potassium arseiiite), hydrogen peroxid, 
and a hypochlorite. The embryos were resistant to alcoliols up to 70 
per cent strength and to formaldehyde up to 35 per cent, but in more 
concentrated solutions and in volatile oils they either did not develop or 
were short-lived. The phenols, however, proved ilie must effective of 
any of the chemicals used by him, a i per cent soliuion of [)ure carbolic 
acid' and similar dilute solutions of several eominercia,! preparations 
entirely preventing the development of the ova. 

The eggS'Of Ascaris limibricoides exhibit a resistance similar to that of 
the above-mentioned species. With regard to. the effect' of acids, Galli- 
Valerio {3) found that embryos developed in solutiO'iis of sidpluiric, liyclro- 
chloric, nitric, and acetic acids of 50 per cent or less in strength; more 
concentrated solutions proved more ovicidal, sulphuric acid being the 
most effective., Yoshicla (xi) found that ■ embryos develop but soon die 
in eggs kept in 10-12,5 per cent solutions of sulphuric or acetic or 15-20 
per cent hydroGhloric acid ; in a 1.5 per cent solution of nitric acid they 
were unharmed. " W'harton '(p) 'States that the embryos died in eggs kept 
n 0,5 per cent hydrochloric acid and in 3 per cent acetic acid. Of the 
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alkalis, ammonia was tested by Kobayaslii (5). Yosliida (ii) liad found 
that eggs were unable to develop in urine, and according to Kobayashi 
this was interpreted by K. and S. Minagawa as the effect of ammonia 
formed from the urine. His results showed, horvever, that eggs sur^dved 
more than a month in urine and for several days in ammonia (i to 4 per 
cent). Salt solutions have little or no effect on the development of 
Ascaris lumbricoides eggs, Galli-Valerio (5) having obtained embryos in 
saturated solutions of copper sulphate, iron sulphate, copper acetate, 
and 50 per cent aiitiformin. He states that the eggs are destroyed after 
four months in pure aiitiformin. Ransom and Foster (< 5 ") found that the 
latter dissolved tlie shell of the egg but left a thin membrane around the 
embryo which would protect it from the action of the antiformin for at 
least five days. According to Kobayashi {4) eggs will develop in a 
saturated solution of sodium chlcrid, but the embryos will die when 
they become mature. 

Dilute formalin solutions and also a 10 per cent potassium bichromate 
solution have proved to be excellent culture media for Ascaris eggs, as 
they have no ovicidal action and they keep the bacterial count low. 
According to Kobayashi {4) and also Yoshida (11), motile embryos will 
develop in a 10 per cent formalin solution but will not do so in solutions 
of 20 per cent or higher concentration. 

Embryos in eggs kept by Ransom and Foster {8) in crude petroleum 
and in petrolatum were still active after 5 weeks; after 10 weeks those 
in the petrolatum were dead, but those in the crude petroleum still alive. 
With regard to the phenols, these writers state that they kept eggs of 
Ascaris lumbricoides containing embryos alive for several hours in carbolic 
acid. However, reports of Wharton (9) and Yoshida (ji) were to the 
effect that the embryos do not develop in a 0.5 per cent solution. This 
is in accord with Wigdor’s results, as stated above, with Toxascaris eggs. 

The present study v/as made with phenol solutions in order to deter- 
mine in great r detail their ovicidal properties and the practicability 
of their use as disinfectants in the control of Ascaris. It w s felt that 
experiments, to be of practical value, must app oximate conditions 
found in pigpens and that the disinfectant itself and the method of its 
application must be such as can be used there. Hence relatively pure 
ultures of eggs totally immersed in soluti ns of disinfectants would be 
valuable only to the extent of indie ■ ting the possibility of the use of 
these disinfectants under practical conditions. A disinfectant not 
proving efficacious under such ideal experimental conditions would 
certainly not prove so in practice. Therefore experiments were carried 
out with pure cultures covered with the disinfectant in a beaker and tlien 
those concentrations of the disinfectant wffiicli had proved ovicidal 
under these conditions were used for further tests in wdiich conditions 
■were made to simulate those often found in pig pens of sanit ry construc- 
tion: the eggs w^ere well mixed wuth sawdust and the latter sprayed with 
the disinfectant. 

To determine the relative resistance oi Ascaris hmihricoides ^ggs at 
different starves in their development, cultures of fresh, of partially 
developed, and of completely developed eggs (i. e., containing active 
embryos) w-ere used. The cultures were prepared by squeezing the eggs 
out of the uteri of the worms, covering them -with a 2 per cent formalin 
solution and keeping them in an incubator at a temperature of 20-24^ C. 
until the desired stage of development vras reached. 
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The two disinfectants used were carbolic acid and cresol, the latter in 
the official compound solution “liquor cresolis compositusd’ The for- 
mula® for this is — 


Cresol 500 gin. 

I/inseed oil 300 gm. 

Potassium liydroxid 80 gm. 

Alcohol 30 mils. 

Water, sufficient quantity to make 1,000 gm. 


Unless otherwise stated, the exposure of the eggs to the disinfectant 
was carried out in a beaker, the eggs being covered with a deep layer of 
the solution and left for the stated time. They were then washed several 
times in water, put in Petri dishes with 2 per cent formalin and kept at 
24® C. in the incubator. In the tests in which the eggs were mixed with 
sawdust the mixture was spread over the surface of a large fiat pan and 
sprayed with an ordinary atomizer. After the treatment the eggs were 
recovered by washing the sawdust several times with water and cen- 
trifuging the washings ; they were then kept in 2 per cent formalin at 24? C. 

Two concentrations of each disinfectant were used: 5 per cent and i 
per cent of carbolic acid and 3 per cent and i per cent of cresol (6 per 
cent and 2 per cent of the compound). Both 5 per cent carbolic acid 
and 3 per cent cresol solution proved very effective in destroying the 
viability of the fresh eggs and of those in the various stages of cleavage 
and in destroying the activity of developed embryos. A 3 per cent cresol 
solution (6 per cent liquor cresolis compositus) accomplished this in 5 
hours and a 5 per cent carbolic acid solution in 10 hours. In the tests in 
which the eggs were mixed with sawdust, thus obtaining conditions 
which may be found or readily established in pig pens of sanitary con- 
struction, it was found that when the mixture was sprayed once with 
either of the two disinfectants and then allowed to stand 24 hours, the 
ability of fresh eggs to develop and the activity of developed embryos 
were not always destroyed. However, if the sawdust mixture was 
thoroughly raked over and sprayed four times during the day and then 
allowed to stand over night, the treatment was more effective. Fresh 
eggs lost all vitality during such treatment witli either disinfectant. 
With 3 per cent cresol all activity of developed embryos was destroyed, 
and although one active embryo was found directly after such treatment 
with 5 per cent carbolic acid, on the following day there was no activity. 
A repetition of such treatment on a second day assured the destruction 
of all vitality of fresh or developed eggs. 

Fresh eggs and eggs at the intermediate stages of development were 
influenced to about the same degree by the disinfectants, although one 
test indicates that the further development of the latter is more easily 
destroyed than that of the former: 3 per cent cresol solution for 2 hours 
completely stopped the development of the partially incubated eggs, but 
did not do so with the fresh eggs. 

Whereas in the freezing tests it was found that fresh eggs were more 
resistant to low temperatures than those containing active embryos, 
there are indications that the resistance of the two sorts of eggs may be 
reversed in regard to disinfectants : a 5 per cent solution of carbolic acid 
destroyed the vitality of fresh eggs in 5 hours, but embryos showed 
activity after such treatment, although their subsequent life was short. 

^ V. s, WSPENSATOEY (20tli edition), p. 63U 
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TablB II - — Tabulated summary of tests 






Disinfect 

ant used. 




Dength 






■Tern- 

of 



I 


State of eggs. 

pera- 
ttjre . 

time 
in dis- 
infect- 

S per cent carbolic 
acid. 

I per cent car- 
bolic acid. 

! 3 per cent cresol. 

1 (6 per cent liquor 

I per cent 
cresol. (a per 
cent liquor 



ant. 

, cresol. compositus) 

cresol. com- 






i 

positus). 



Hours. 





I^resii 

24® c. . . 

a 

A few embryos, but 

Active em- 

A few embryos de- 

Active em- 




short lived. 

bryos devel- 

veloped. 

bryos devel- 





oped. 


oped. 

Do 

...do.... 


No embryos de- 


No embryos de- 

Do. 




veloped. 


veloped. 


Do........ 

.. .do,... 

20 





Do 

. . .do 

isH 



» 

No embryos 







develop ed. 
Retest: Ac- 







tive embryos 
developed. 

Do 

, . .do... . 


A few embryos but 


No embryos de- 





short lived. Re- 
test : No embryos 
developed. 


veloped. 

developed. 

Do 

...do.... 

24 

(a) (Eggs under 

do 

(a) (Eggs under 

(a) No em- 




sawdust, sprayed 


sawdust, sprayed 

bryos devel- 




once) : A few em- 


once) : No em- 

oped. 




bryos developed. 


bryos developed. 




(b) (Eggs mixed 


(b) (Eggs under 

( 6 ) (Eggs tm- 




with sawdust. 


sawdust, raked 

der sawdust. 




raked and 


and sprayed 4 

sprayed once) : 




sprayed 4 times) : 


times): No em- 

Active em- 




No enibr5''os de- 


bryos developed. 

bryos devel- 




veloped. 



oped. 

Do 

...do.... 

48 

(a) No embryos 


(a) (Eggs under 

(Eggs under 




developed; (6) 


saurdust, sprayed 

sawdust 




(Eggs mder saw- 


twice) : No em- 

sprayed 




dust, sprayed 


bryos developed; 

twice) : Active 




twice) : No em- 


(b) (Eggs mixed 

embryos de- 




bryos developed; 


with sawdust, 

veloped. 




(c) (Eggs mixed 


sprayed 8 times) : 




with sawdust. 


No embryos de- 





sprayed 8 times) : 
No embroys de- 


veloped. 





veloped. 




Do 

13® c...: 

5 

Active embryos 


No embryos de- 





developed. 


veloped. 


In interme- 

24° c. . . 

i 2 



do 


diate stages ' 
of develop- 
ment. 



1 : 




Do 

. . .do. . . . 

1 S 



do 


Do 

. . .do — 

IS/'S* 

i No embryos de- 

Active em- 


Active em- 




veloped. 

bryos devel- 


bryos devel- 





oped. 


oped. 

Do 

1. . .do... , 

30 




No embryos 


1 





developed. 

Do 

i. ..do.,, . 

34 

do 




Do... 

.. .do... . 

40 


i No embryos 







, developed. 



Containing ac- 

.. . .do 

2 

Activity 

1 

Activity 

j Activity. , 

t i V e e m- 
bryos. 







Do 

. . .do... . 

5 

Slight activity; 


No activity ....... 

,Do. 




later none. 




Do 

. ..do..'* . 


No activity 



Do.' 

Do 

. ,.do.,. , 





Slight activity; 







later none. ' ■ 

Do 

. ..do,... 

20 


Activity. 


No activity. 

Do . 

. . .do 

24 

(Eggs under saw- 


(Eggs under saw- 





dust, raked and 
sprayed 4 times) : 


dust, raked and 
spiayed 4 times) : 





I active embryo 
found. 


No activity. ■ 


Do 

. ..do... . 

48/ 

(Eggs under saw- 


(Eggs under', saw- 





dust, raked and 


dust, naked and 





sprayed 8 times) : 


sprayed, 8 times),: 





No activity. 


No "activity. 


Do.' 

5 - 10 ° C. 

5 '' 

Activity — . . ... 


Activity,..,'....,'. 


Do........ 

. . .do, . . . 

16 






73432—24 5 



174 


Journal of Agricultural Research 


Vol. XXVII„ No, 3 


Cresol in the compound solution used proved to be more effective than 
an aqueous solution of carbolic acid; a 3 per cent cresol solution (6 per 
cent liquor cresolis conipositus) had the same results on fresh eggs as a 
5 per cent carbolic acid solution and was of greater value in the case of 
active embryos. A i per cent carbolic acid solution was too dilute to 
destroy the viability of fresh eggs when they were put in it for a 24-hour 
period;, it is therefore not a satisfactory and practical disinfectant. A 
I per cent cresol solution (2 per cent liquor cresolis compositus) proved 
effective for fresh, partially developed, or fully developed eggs when used 
for a 2o-hour period. In this instance, however, it is clearly shown how 
important is the distinction between the exposure as carried out with a 
pure culture in a beaker and, on the other hand, under conditions where 
the eggs are mixed with sawdust. In the latter case neither a thorough 
spraying with i per cent cresol and subsequent standing of the mixture 
for 24. hours, or even a repetition of the treatment on the second day 
destroyed the vitality of the fresh eggs. This weaker solution of cresol 
is therefore not so practical as the 3 per cent solution. 

In regard to the relative efficiency of the disinfectants at 24° C. and 
at lower temperatures, the following was found to be true: 3 per cent 
cresol solution (6 per cent liquor cresolis compositus) worked as well at 
13 to 15^^ C. as at 24° C. with fresh eggs (5 hours’ exposure destroy,ing 
their ability to develop), but with developed embryos, although at 24*^ C., 
it destroyed their activity in 5 hours, on the other hand, at from 5° to 
10° C. it did not do so even in a 16-hour period. With carbolic acid a 
5 per cent solution was not so effective on either fresh or developed eggs 
at refrigerator temperatures as at 24"^ C. 

As to the value of disinfectants in destroying Ascaris eggs in pig pens, 
it would appear that proper cleaning of the pens is a more useful and 
more economical method of eliminating the eggs or reducing their num- 
bers to a minimum than the use of disinfectants in the strengths and for 
the periods of time necessary to kill the eggs, assuming that thorough, 
application of the disinfectants can be secured under practical conditions. 
The thoroughness of application necessary as indicated by the experi- 
ments is such that it would probably not be commonly secured in practice. 

CONCI.USIONS 

Fresh and partially developed . eggs of Ascaris hmibricoides show such 
very great resistance to low temperatures that subsequent development 
occutred even after the longest periods of exposure: With tlie fresh eggs 
a 40-day period at below zero Fahrenheit temperature ( — 2® to — 16° F«) 
and' with the partially developed eggs a 20-day period at the same 
temperatures.' The life of the embryos that developed in these eggs was 
in both cases .relatively short, but in the second case their infectivity for 
guinea, pigs was demonstrated.- Developed embryos in Ascaris lumbri- 
coides eggs were killed by a 20-day exposure to such temperatures ( — 6® 
to —1,7'^ F.), but not by a lo-day period at the same temperatures nor 
by even a 30-day exposure to freezing temperatures above zero (12® 
■to , 1,8'^ F.). It is therefore evident that while very low temperatures 
may ..have" a ' destructive effect upon the vitality of Ascaris eggs,, many 
eggs under natural conditions are likely to survive severe winter weather, 
and the cold of , winter can, not be depended upon to destro.y the vitality 
■of Ascaris eggs present in pens, - pastures, ..stables, etc. - ' It does,.' however, 
diminish , "their infectivity in the course of time and may aid in, controlling 
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infection by a mecliamcal action in bolding eggs in frozen soil and 
thus inaccessible to swine. 

Both an aqueous 5 per cent carbolic acid solution and 3 per cent 
cresol in a compound soap solution (U. S. liquor cresolis compositus) 
destroyed the capability of development in fresh and partially developed 
eggs and destro3^ed the activity of developed embryos. This was accom- 
plished in 10 hours by the first disinfectant and in 5 hours by the second, 
when the eggs were completely immersed in the liquids. Under condi- 
tions as nearly analogous as possible to those in sanitary peas in which 
pigs are kept, the efficacy of the disinfectants was assured if the mixture 
of eggs and -sawdust was thoroughly raked over and sprayed four times 
on each of two consecutive days.. From these results it appears that 
phenol and cresol disinfectants may prove of value in helping to destroy 
Ascaris infection in pens and buildings under special , conditions. The 
mechanical action of thorough scrubbing and cleaning and the heat of 
scalding water which should be used in deaning are of great importance 
in the destruction of Ascaris eggs, and the destructive action of chemicals 
alone should not be expected to replace these measures. ' 
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THE BLACK-BUNDLE DISEASE OF CORN 

By Charles S. Pathologist, and James R. Holbert, Agronomist, Office of 

Cereal Investigations, Bureau of Plant Industry, United States Department gf Agri- 

culture ^ 

INTRODUCTION 

As the symptoms produced by organisms known to be parasites 
of com became more clearly dijBPerentiated to the writers, there remained 
several groups of disease symptoms for which the explanations were 
meager or lacking. This paper deals with one of these groups of symptoms 
in a general way and specifically assigns an organism, not hitherto shown 
to be a parasite of com, as one of the important causes. 

SYMPTOMS 

Occasionally stripelike lesions are found in the leaves of young, infected 
corn plants (PL 6, A). Usually, however, black-bundle disease symptoms 
do not become evident during the first half of the growing season. During 
ear development various symptoms may appear as: Leaf and stalk 
color manifestations (PI. i), barren stalks (PL 2 A, B), nubbin ears (PL 2 B), 
prolific stMks (PL 2 C), or excessive suckering (PL 4 A, B). Such stalks 
usually show blackened fibrovascular bundles (PL i). 

In every field of dent, flint, and sweet com (Zea mays indentata, Z. 
mays indurataj and Z, mays saccharaia) under observation by the writers 
it has been noted that a number of plants have become red or purple on 
reaching the dough stage. The red coloration appears first at or near 
the midvein of the topmost leaf and progresses downward on the plant, 
affecting several leaves before progress on the stalk commences. In 
extreme cases the stalks and all the leaves become reddish purple, 
but all gradations between the initial appearance of the red color and 
this extreme condition may be the final color symptoms. Plants having 
any gradation of this reddening or purpling are designated in this paper 
as purple-leaf plants. 

This type of reddening does not conform to any of those described by 
Emerson (14)^ who says: 

It is of interest to recall in this connection, that plant colors of maize — ^brown no less 
than the red-pturple series^ — develop first in the older parts where growth first ceases, 
such as the lower sheaths and the upper parts of the intemodes of the culm. 

However, a type of reddening, indistinguishable from the one en- 
countered in commercial fields, sometimes occurs in selfed lines of dent 
com. Inoculation of Open fertilized dent com with a particular organism, 
as will be shown later in this paper, the number of purple or red 

■ plants.. 

This disease is characterized also at this stage of development of the 
corn plant by high percentages of barren stalks and stalks producing 

1 Accepted for publication Nov, 34, 1933. The investigations here reported were conducted in cooperation 
with the Funk Bros. Seed Co., Bloomington, 111., and the Wisconsin and lUinois Agricultural Experiment 
'■'Stations. 

3 Reference is made by number (italic) to literature cited, p, 203. 
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nubbin ears only (PL 2, A, B). Often, imperfectly developed ears are 
observed at a number of nodes on a stalk apd more frequently multiple- 
ear production occurs at dne node (PL 2, C), showing futile attempts at 
prolificacy. These manifestations, and large succulent stalks should be 
included, are the readily apparent symptoms associated with the black- 
bundle disease of com and can be noted in any commercial field. When 
plants having any of these symptoms are cut open, blackened' vascular 
bundles can nearly always be found in the nodes and internodes near the 
base and sometimes throughout the stalk (PL i and PL 3 , B) . Occasionally 
the fundamental tissue outside the blackened vascular tissue becomes 
browned or blackened, but usually in only one internode of a stalk. 

However, the number of plants having these symptoms (excluding the 
black-bundle symptom) represents only a small part of the total number 
of plants affected by the disease. Plants, including the ears, may 
appear outwardly healthy and yet be infected from the crown to the 
tassel and every kernel on fine looking ears may have the organism in- 
ternally. In these cases the presence of the black vascular bundles 
within the stalks is the most distinguishing symptom. The ears may be 
diagnosed by plating the kernels or by germination in conjunction with 
microscopic examination. 

Apparently good seed ears selected from apparently normal stalks 
and producing 100 per cent of strong plants on the germinator may^ 
produce high percentages of purple plants in the field. No microscopic 
examination of seedlings on the germinator was made to 'determine 
infections. In these cases plant growth records during the first half 
of the season usually indicated strong rows. Table I shows in detail the 
record of an ear of the kind described and compares it with the records 
of four other ears. Among other things, it is an illustration of the 
statement that no appreciable indications of this "group of symptoms 
are to be found during the first half of the growing season. 

Table performance of an infected ear row (row j) compared with adjacent 

uninfected ear rows; Funk Ninety-Day corn planted May 24, ipip, in brown silt loam 

soil of nJedium fertility f at Bloomington, III. 


Condition of seed and acicession numbers of seed ears. 


, . , notations at different dates. 

Uninfected. 

Infected. 

" ' ' Uninfected. ' 


Row I, 
No. 5794 - 

Row, a. 
No. 583** 

Row 3, 
No. 5824. 

Row 4, 
No. 3887, 

Row 5, 
,No. 5897. 

atand and. '.eaxly vigor, June 13:' 

Total stand. . . ' . . . . — 

, 146 

. 133 

'''.*36 

' ' X43" 

*38 

■ ' Per cent stand, 

i ' 97 

83 

91 

95 

' 9 S 

Number strong plants. 

1 ..lor 

'6x ! 

96 

108 

71 

Number weak. plants. . . . . . . 

6 

tt ' 

'' 12 

7 i 

5 

... Number biigMed. plants 

. ' 'X ■ 

■■ 3 ' 

' , 0" 

I i 

1 

General condxticm. 

Good. 

Medium. 

Good. 

Good. 

Good. 

.Condition, July 'li and^ia: ■ .■ ■ 






' . 'Color of foliage. . ... . 

Dark green. 

Dark green- 

Dark green. 

Dark, green. 

Dark green* 

' Vnifomiity of growth. . . . 

Uniform. 

Variable. 

Uniform. 

Uniform. I 

Uniform. 

Number leaning plants 


3 

*'i 

32 

x6 

Condition, Aug. 6: 

Number plants with wilting or dead 





leaves 

■ '' 3 ' ■ 

-XS . 

'S 

3, 

37 

Preharvest data. Sept, ii; 





Number good ears 

13I 

99 

40 

132 

117 

Number mid-sized ears ............ 

■ 'I '! 

, ' a 

10 

I , 

6 

Number nubbins 


9 

18 

5 i 

2 

Number barren plants. 

6 

23 

54 

■ 2 

9 

Number smutted plants . .............. 


' 7 

''' 7 ' 

3 

3 

Number prematurely dead plants 

. . ' ' 0 i 

0 

7 

0 

3 

Percentage of purple plants 

'0 

0 

' 85 

0 ' 

0 

Acre yield in bushels 

90 

57 . S 

37.4 '1 

69.7 

■'62 
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The seed ears referred to in Table I were the first generation crosses 
(artificially pollinated) of different strains of Funk Ninety Day, and' when' 
tested on the germinator, 30 kernels from each, showed loO' per cent 
vigorous seedlings and no evidence of rotting. Hence, it was thought 
that all were healthy. However, on September ii, row '3 (seed-ear 
5824) was found to be uniformly diseased. As shown in Table I, there 
is a decrease in number of good ears and an. increase in number of nub- 
bins, barren stalks, and stalks with purple leaves, in comparison with 
adjacent rows on each side. Numerous stalks in row 3, when cut open 
at time of harvest, showed tlie characteristic blackened bundles. Usually 
in the latitude of central Illinois, the time of appearance of any easily 
recognized symptom of this disease is about the third week of August. 
At that time the first purple leaves usually appear, and barren and 
prolific stalks can be identified. 

Symptoms as described and certain related observations have been 
noted for a number of years. For example, in the fall of 1917, an ear 
row of Funk Ninety-Day com in a breeding plat .showed certain out- 
standing characteristics. The plat was located on clover sod that had 
not grown com for three years. The soil was uniform and of medium 
fertility. The ear from which the row in question was grown was of 
fine appearance in every respect and had shown strong germination on 
the germinator with no evidence of rotting. Hence it had been selected 
as a choice ear for breeding stock. During the early part of the season 
the plants showed no signs of disease. Attention was first directed to 
this row early in September following a light frost. All of the plants in 
this row were slightly injured by the frost, while the plants in adjacent 
rows showed no injury whatever. The row also contained an unusuyiy 
large proportion of purpled plants and an abnormally large percentage 
of barren stalks. Fur&er^ on cutting open the stalks, it was found 
that most of the barren stalks and those with nubbins as well as some 
with good eats contained abundant blackened bundles. The row yielded 
only about one-half as much as the best adjoining rows. Seed ears for 
use in an experiment the following year (1918) were selected from tliis 
rowr, both from plants showing blackened bundles and from those which 
apparently were healthy. Eleven ears were thus selected , two from the 
apparently healthy plants and nine from tlxe d These ears 

were tested on the germinator in the usual way and all showed 100 per 
cent of strong germination, with no evidence of rotting. In 1918, these 
II ears were planted in ear rows along with 6 other ear rows from ap 
parently healthy ears as controls. Unfortunately, the proportions of 
plants showing purple-stalk and black-bundle symptoms were not noted 
in 1918, but careful 3rield data were taken and computed to acre yields 
on a uniform moisture basis. The nine diseased rows produced an aver- 
age of only 53.1 bushels per acre compared with 77.8 and 72.8 bushels 
per afire from the rows from the two specially selected ears and from the 
six control rows, respectively. 

GertaiU earlier manifestations in the development of com plants, such 
as abnormally fast growth in height or diameter, indicate that such 
plants later on are likely to produce symptoms of purple-stalk and black- 
bundle diseases. Some evidence that abnormally fast growth in height 
is an indication of disease was brought out from data obtained in 1919. 
Three hundred and twenty-seven plants were measured for height 36 
days after planting and were grouped in quartiles according to height, 
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each qiiartile representing approximately one-fourth of the population. 
In order to. determine the relation of height to production, the individual 
production of ' each plant was recorded in grams. The results are sum- 
marized in Table II and shown graphically in figure i. 





#tG. I.— Grapla. stiowiniK averagre lidght of Yellow Dent com plants* growed in qnattiles according to 
height, and average yield d plants in each awtile, respectively. Bloomington, Xlt , 193:9, 


TabuiS II . — Data showing av^age height of plants of Yellow Dent corn, grouped 
in guattiks according to height t 36 days after planting, and average yietd of plants in 
earn quartilerfespectivcly, grown on brown silt loam soil of high fertility mat Bloom- 
mgton, nL f xpig (see also Jig. l) 



Num- 

Mean 

Quartile. 

ber of 

plant 


plants. 

height. 




I 

. 82 

116 7 

2. 

82 

137 * X 

S*’*' 

82 

150.6 

4 


169. 0 


Mean 

plant Increase in height (per cent), 
yield. 


Qm. 

175. 6 Second qtiartile,' 17.5 . . 

194.4 Third quartile, 9.8 

179.7 Kottrth quartile, 12.2.. 


Increase in produc- 
tion (per cent). 


Over first, 23,6. 
Over second, 10.7. 
Over third, —7.6, 
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There is a direct relation between height of plant and production per 
plant except in qnartile four which is made up of tlie plants of greatest 
height. This quartile contained a number of plants which grew ab- 
normally fast. . Also a higher percentage of barrenness was noted in 
this quartile. ■ Briefly stated, in considering, during the first half of the 
growing season, a number of com plants having the usual percentage of 
black-bundle disease, plant yield increases wi 5 i, plant height up to a 
certain point, and then decreases. , 

HISTORY 

While certain of the symptoms of this group, especially barrenness, 
has been extensively noted by various investigators, no comprehensive, 
detailed analysis or investigation of the causes of these abnormalities as 
a group has been made. Hunt (24^ p: jyz) says : 

A varying percentage of the stalks of the field are barren — do not bear any ears- 
The percentage of barren stalks on a given soil varies with the thickness of planting 
and the season. Barrenness does not seem to be a variety characteristic. It seems 
to be largely the result of environment. If it were an hereditary characteristic the 
fact that the stalks are barren would tend to eliminate them. 

Burtt-Davy (6, p. Sy-go) in considering barrenness as an hereditary 
character says that if barren stems were absolutely barren natural 
elimination would result, but the fact that they produce tassels and 
pollen lends color to the view that they may tend to reproduce their 
kind. He also mentions that cases are reported from America of 60 
per cent of barren stems in a crop of maize. Blackwell {2, p. 20) in 
reporting the work of Hutchinson at South Carolina in using pollen 
from barren stalks to determine its effect on the amount of barrenness 
in the progeny, decided at first that it must be a Mendelian character 
and inherited in the ratio of i to 3; but later results did not bear put 
that conclusion. He adds that it has also been noted that there is or 
appears to be a correlation between barrenness and certain other char- 
acters, such as color, size of plant, shape of plant, length of life, and 
possibly others. 

Pammel, King, and Seal, 1916 (57) described a cornstalk disease in 
Iowa due to Gibberella saubineiii. The stalks often were barren or had 
small ears. The small dwarf shoots in the axils of the leaves were 
frequently decomposed and the stalks were abortive. Hoffer and 
Holbert, 1918 {ig) state that species of Gibberella, Fusarium, Ver- 
ticillium, Khizopus, and Pseudomonas are, in a great measure, responsible 
for missing hills, slow-growing stalks, barren stalks, down stalks, and 
early blighting of corn plants. They also say {20, p, 2, ii) that barren 
stalks and stalks bearing nubbins only seem to be correlated with certain 
pathologic conditions in the plants, ^ * that the rate of seedling 

development usually referred to as ‘'vitality'’ is not a criterion for 
assuming freedom from infection of the seed by bacteria and species 
of Fusarium. The rate of seedling development on the germinator is 
not indicative of the yield possibilities of that seed ear. Selby, 1918 
{46), says that rootrot shows in com not only in weakening the roots, 
making it easy to blow over, but also in causing dwarfing of growth, 
premature dying of the top, and barrenness of stalks attacked. The 
diseased plants may be purplish-color^, dwarfed or stunted, and un- 
productive. Russell, 1919, {42) reports more barren stalks in dry years 
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such as X913 and 1914. His observations during one of these years led 
him to believe the cause due to 'lack of plant food. The fact that the 
fields of corn observed were grown from seed from different sources was 
a factor possibly as' important as lack of plant food. Hunt/ 1919^ (23) 
believes barren stalks are due to lack of fertility, a disease, in the plant, 
or unfavorable weather conditions at time of pollination. Relative to 
diseases as, the cause, he says: 

Many stalks ate prononnced barren when one or sometimes several shoots are found 
which started but failed to develop. If these shoots are examined they will be found 
to be infected with a mold which probably arrested the development of the ear. 

Trost, 1922, (49) presented data which showed that 7.2 per cent of 
corn plants grown from horny seed and 11.4 per cent from starchy seed 
of the same strain of corn were barren. 

Representative corn growers and breeders of Illinois have related the 
following observations : 

Eugene D. Funk, of Shirley, 111 ., writes in a letter of Beceniber ii, 1922 : 

The notes from our field men, as far back as 1901, show that we had more or less 
barren stalks in our breeding plats. At that time, however, we only made reference 
to the absence of ears and were of the opinion that the cause was due solely to heredity. 
More recent and careful study of the com plant brought our attention to the color and 
development of the foliage, as well as the color of the stalk at harvest time, and now 
we definitely recognize that the purple, barren stalks are largely the result of a disease 
of the bundles. 

Frank I. Mann, Gilman, 111 ., writes in a letter of November 26/ 1921 : 

If we had the purplish stalks and leaves in early times, I do not remember noticing 
them. For about 20 years, however, we have had many of them. As many of them 
produce very good ears, sometimes we could not associate this character with barren- 
ness as fully as we do now, but still recognized it as very undesirable. There were 
a good many of these purple plants in our com this fall. It seems to be the prevailing 
cause of complete and partial barrenness in our com this season. 

Harvey J. Sconce, Sidell, 111 ., writes in a letter of December 5, 1921: 

You are right in remembering that I had made a statement that in riding through 
corafiel<^ on a horse or walking I had detected diseased com plants several feet 
ahead of me. This was particularly the case again this year as the purple-stalk 
disease was quite heavy. They were in general all barren, had suckered badly, 
httd every one was easily detected, I early learned to detect these plants as my 
breeding records date back to 1904 and as early as 1908 to 1910, I made notes on sev- 
eral rows that showed a greater percentage of these plants than other rows. 

It is seen from the foregoing reports that both com growers and 
investigators have described symptoms, such as barrenness, purple leaves 
and stalks, and production of nubbin ears. All of these sypmtoms fall 
into the group described herein and associated with the effects of para- 
sitism by the organism discussed later. As these symptoms are often 
associated witdi other causes, the black-bundle symptom is chosen as the 
most distinctive, hence the common name. 

In the early work oU corn diseases by one of the authors (J. R. Holbert) , 
the black bundles sometimes found in diseased corn were considered one of 
the s3^ptoms of the corn root, stalk, and ear rots caused by species of 
Fusarium. This belief seemed to be shared by other workers. It was 
noted as early as 1917 that purple leaves and barrenness often were 
associated with the occurrence of black bundles. In the fall of 1919 the 
writers gave special attention to an ear row in which these symptoms 
developed in about 85 per cent of the plants. After examining the roots 
of some of the plants to a depth of 6 feet with negative results as to 
the presence of lesions of any importance, it was apparent that the cause 
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miglit not be due to species , of Fusarium. ■ Numerous isolations from the 
black bundles found in these plants consistently gave one organism, and 
pure-culture inoculations with it in the greenhouses at the University of 
Wisconsin in November, 1,919, proved it to be pathogenic on corn. 
Without doubt this organism was responsible for the symptoms developed 
in the row in question. Subsequent investigations have shown, however, 
that symptoms almost identical with these may develop from other causes. 

GEOGRAPHICAL DISTRIBUTION 

The black-bundle disease of corn has been noted in Connecticut, New 
York, Ohio, Indiana, Illinois, Wisconsin, Minnesota, Iowa, South Dakota, 
Kansas, South Carolina, and California. This distribution renders it 
probable that it occurs wherever corn is grown in the United States. 

ECONOMIC IMPORTANCE 

The prevalence of this group of symptoms and their effect on produc- 
tiveness of corn plants is such as to make it important that the causative 
agents be studied carefully and some effort made to lessen their occurrence. 
During 1919, 1920, and 1921, surveys of commercial fields near Bloom- 
ington, IIL, were made to determine the occurrence and productiveness 
of com plants having the purple-leaf-and-stalk symptom. The results are 
summarized in Table III, 


TAsrn 111.— Occurrence of purple plants in some commercial fields of Yellow Deni corn 
near Bloomington^ IIL, grown from seed selected f mm plants 'whick showed no symptoms 
of the black-bundle disease 


Year, 

Number 
of plants 
examined. 

Purple plants (main stalks.) 

Total. 

Bearing. 

Barren. 

Ears. ■ 1 

Nubbins. 



Number, % 

Per cent. 

Per cent. 

Percent, 

Per cent. 

1919............. . .. .... 

666 

47 

7-1 


;.I2.,8-! 


1920. . . ................. 

4.857 

351 

7.2 

27.9: 


4 p. 2 . 

1921. .. .. .. ... , . . ..... . . 

2,068 

1 12 

5-4 

28.0 ! 

' ,^ 4*0 

;v 5^*0' 


In addition to the preceding detailed observations, the authors have 
determined by count the percentages of purple-leaf plants occurring in a 
few scattered commercial corn fields in Indiana, Iowa, and Kansas, and 
at various places in Illinois. These have varied from a trace to 15 per 
cent. On the whole, however, it is believed that the data in the pre- 
ceding table are fairly representative. 

During 1920, in ear-row experimental plats of Yellow Dent com at 
Bloomington, 111 ., observations were made on 27 ear rows to determine 
the occurrence of purpling in main stalks and suckers. The relative 
number of purple-leaf plants which were barren or bore ears or nubbins 
also was noted. The seed ears were from plants that had not shown 
purpling in 1919. In planting the plats, twenty kernels were planted 
singly 14 inches apart in rows 42 inches abart. The results are given in 
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Tabi^^E lY.'~^Data on the occurrence of purple-leaf symptoms developed in experimental 
plats of Yellow Dent corn grown in ig20 near Bloomington, III,, from seed ears selected 
from pla-nis not showing purple-leaf symptoms, the seed being untreated 


Row No. 

Hills, 

total 

number. 

Suckers. 

Plants 

(main 

stalks) 

without 

imrple 

leaves. 

Plants (main stalks) with purple leaves. 

Total. 

Purpled. 

Total 

number. 

Bearing;. 

Barren. 

Kars. 

NnV>bms. 

I . 

IS 

25 

2 

12 

3 

2 

'■I 

0 

2 . 

14 

2 S 

3 

12 

■ 2 

2 

0 

0 

3 - • 

16 

26 

2 

15 

I. 

I 

0 

0 

4 - • 

II 

13 

I 

10 

I 

I 

0 

0 

5 - • 

IS 

21 

0 

15 

0 

0 

0 

0 

6 

17 

33 

4 

15 

2 

I 

0 

I 

7 

17 

21 

0 

16 

1 

0 

I 

0 

8 . . 

15 

18 

7 

14 

I 

I 

0 

0 

9 

16 

19 

0 

16 

0 

0 

0 

0 

10 

13 

30 

I 

12 

I 

I 

0 

0 

II . 

19 

29 

I 

18 

I 

0 

I 

0 

12 ... 

; ■ ■■ I? 

26 

: 4 ^ 

16 

I 

I 

0 

0 

13 

v^S' 

8 

0 

5 

0 

0 

0 

0 

14 

17 

16 

2- 

17 

0 

0 

0 

' 0 

IS. 

17 

II 

0 

17 

0 

0 

0 

O’ 

16 

17 

39 

0 

17 

0 

0 

0 

•0 

3^7 - 

19 

44 

9 

17 

2 

■ I 

I 

0 

18 

15 

29 

3 

15 

0 

0 

0 

0 

19. . . . 

i6 

28 

2 

16 

0 

0 

0 

a 

20',. 

17 

3 ^ 

6 

15 

2 

0 

2 ; 

0 

21 , .... 

18 

24 

3 

18 

0 

0 

0 

0 

,2'2 . . 

18 

35 

6 

16 

2 

I 

I 

0 

,'23. 

13 

28 

I 

13 

0 

0 

0 

0 

24. . • 

12 

27 

0 

12 

0 

0 

0 

4 > 


II 

28 

6 

10 

I 

I 

0 

0 

26, , V. • . . - - . 

16 

35 

I 

15 

I 

. I 

0 

0 

27. ...... ... 

■ 12 

25 

2 

10 

2 

1 I 

I 

■ . 0 

Total.. 

408 

701 

66 

384 

24 

15 

8 

1 


l!^able data which, when expressed in percentages, show 

that 5.9 per cent of the plants had the color symptom that was used as 
a basis in these data, and the relative percentages of these plants that 
were barren (4.2), nubbin-producing (33.3), and ear-producing (62.5). 

In 1919, ears of Yellow Dent com were selected from purple plants 
with a view to determine their field performance in 1920. In planting 
the plats, 40 kernels were planted singly 14 inches apart in rows 42 inches 
apart. The results from 23 of these ears are given in Table V. 

On the basis of the data presented in Table V, it is found: (i) That 
46.6 per cent of main stalks and 43.2 per cent of all suckers in these 
rows showed the purple-leaf symptoms; (2) that of the plants with the 
purple-leaf symptom, 55.1 per cent produced ears, 27.5 per cent produced 
nubbins, and 17.4 per cent were barren; and (3) that the mean yield of 
plants showing the purple-leaf symptom was 176 gm. per plant as 
compared with 264.2 gm. per plant from apparently healthy plants 
in the same ear rows, thus showing 33.4 per cent reduction in yield 
per plant by those plants having the purple-leaf symptom. 

Along with the experiments referred to in Tables IV and V, another 
experiment was conducted in X920 to determine if seed treatment with 
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corrosive sublimate would eliminate . the purple-leaf symptoms. In the 
matter of control the results were almost negative, but the data obtained 
were important in other ways,' and hence they are included at this point. 

The ear rows were planted with seed from the same ears aS' those 
used for the experiment referred to in Table V, which were selected 
from purple-leaf plants. The kernels were planted singly 14 inches apart 
in rows 42 inches apart. This seed was treated by immersion for one-half 
hour in a I : 1000 mercury bichlorid solution.. The results are given in 
Table VI. 

Table V . — Data on the occurrence of purple-leaf symptoms and on yield of Yellow 
Dent corn grown near Bloomington ^ III., XQ 20 , in ear-row experimental plats, from 
seed ears selected from plants showing purple-leaf symptoms in igig, the seed used in 
ig20 being untreated 



Ntmabef of — 

Plants without purple- 
leaf symptoms. 

Plants with purple-leaf symptoms. 

Row No. 




Number 
of — 

Yield. 

Number 
of — 

Yield. 

Number 
pro- 
ducing — 



Plants. 

Suckers. 

1 

w 

« 

a 

u 

& 

Plants. 

Ears. 

Total. 

Average per 
plant. 

Plants. 

Ears. 

Total. 

Average per 
plant. 

Ears. 

Nubbins. 

Barren. 

r 

22 

44 

2S 

II 

zz 

Gtn . 

2,761 

Gm . 

251 

ZI 

10 

Gm . 

2,080 

Gm . 

189 

7 

3 

X 

2. . , . 

25 

31 

24 

zz 

IZ 

3 j 448 

223 

lA 

9 

2,012 

144 

5 

4 

5 

3 

27 

31 

xo 

19 

20 

4,848 

2 S 5 

8 

7 

1,402 

I 7 S 

4 

3 

1, 

4 

31 

47 

28 

7 

7 

l >944 

278 

24 

19 

3 ; 418 

142 

10 

9 

S 

s 

2S 

3S 

19 

8 

8 

2,068 

259 

17 

IS 

2,840 

167 

8 

7 

a 

6........ 

32 

43 

11 

20 

20 

5, 661 

283 

12 

10 

2,268 

189 

7 

3 

St' 

7 .-.. 

26 

36 

18 

8 

S 

2,071 

2 S 9 

z8 

16 

3,288 

183 

10 

6 

.a 

8.... 

2S 

26 

IS 

12 

12 

3 »i 72 

264 

13 

9 

1,942 

149 

6 

3 

4 



31 

SI 

13 

19 

22 

S,6oo 

29s 

X2 

14 

3 jOSS 

255 '. 

9 

2 

. r 

10 

29 

22 

^0 

17 

17 

4,766 

280 

12 

12 

2,192 

183 

■7 

5 

0 

11 

24 

30 

18 

14 

14 

3>972 

284 

10 

9 

2,273 

227 

8 

1 

.X 

12 

29 

43 

25 

7 

7 

2,000 

286 

22 

20 

4,044 

184 

16 

4 

.2 

13 

32 

43 

iS 

18 

iS 

4^519 

2SI 

14 

14 

2,636 

188 

7 

7 

.0 

14 

28 

30 

II 

18 

18 

S> 2 S 3 

292 

10 

6 

1,386 

139 

4 ' 

"3 

,4 

IS 

17 

10 

2 i 

14 

14 

4,098 

293 

3 

3 

792 

264 

a 

1 

.;0 

16 

30 

40 

17 ! 

19 

19 

S »548 

292 

II 

9 

2»509 

228 

9 

0 

a 

17. 

31 

44 

7 

' 2S 

26 

7 »aS 5 

29O 

6 

4 

993 

166 

4 

0 


18 

,34 

26 

8 

18 

18 

4, 172 

232 

16 

13 

3,011 

z88 

7 

6 

i 

19- 

,11 

12 

3 

9 

9 

i »873 

208 

2 

2 

200 

zoo 

I 

' 1. 

;.0: 

20. 

16 

9 

3 

9 

9 

2,228 

248 . 

7 

6 

Iji 34 

162 

4 

2 

. 't 

21. 

15 

iS 

11,. 

3 

3 

672 

224 

12 

7 

1,600 

133 

5 

2 

r S ' 

22 

IS 

IS 

0 

12 

Z 2 ! 

3 j 494 

291 

3 

2 

2x4. 

71 

1 

1 ! 

..I 

23 

14 

IS 

6 

6 

6 

1,426 

238 

8 

6 

'i» 34 i>V 

t6S 

S 

I 

. a 

Total. 

569 

704 

304 

304 

309 

81,849 

264 2 

26s 

222 

46,629 

176 

146 

73 

46 


Table VI shows that, although treated for one-half hour in a r:iooo 
solution of mercury bichlorid, a high percentage (42.7 per cent) of purple 
plants resulted from planting seed selected from purple plants and that 
purple plants yielded less (20.6 per cent) than apparently normal plants 
from the same ears. A comparison of this table with Table V is shown 
in Table VII, 

It will be noted from tlie summaries given in Table VII that, although 
no important effect resulted from this treatment, there was a slight 
decrease in the percentage of plants with the purple-leaf symptom and 
an increase in the yields of both healthy and diseased plants. In general, 
however, the results show the desirahility of selecting seed ears only 
from plants not showing the purple-leaf symptom. This statement is 
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made because the data show that ears selected from such diseased 
plants produced 46.6 and 42.7 per cent plants with the purple-leaf 
symptom, respectively, as compared with 5.9 per cent plants with the 
same symptom in corresponding ear rows from seed selected from appar- 
ently healthy plants (Table IV). 

Tabli^ Yl.—Daia on ihe occurrence of the purple-leaf symptom and on yield of Yellow 
Dent corn grown near Bloomington t IlLj ig20, in ear-row experimental plats from seed 
ears selected from plants having ihe purph-Uaf symptom in XpXp, ihe seed being treated 
with i:xooo mercury bichlorid solution for one-half hour immediately before planting 

(rp2o) 


Row No. 

Number of— 

Plants without purple- 
leaf symptoms. 

Plants with purple-leaf symptoms. 

Plants. 

Suckers. 

Purple suckers. 

Number 
of — 

Yield. 

Number 
of — 

Yield. 

Number 
pro- 
ducing — 

Barren. 

Plants. 

Ears. 

Total. 

Average per 
plant. 

Plants. 

Ears. 

Total. 

Average per 
plant. 

Ears. 

Nubbins. 







Gm* 1 

Gm* 



Gw. 

Gm. 





tt 

37 

9 

s 

5 . 

1.470 

294 

6 

5 

762 

127 

2 

3 

X 


14 

IS 


7 

7 i 

1,856 

265 

7 

5 

1, 264 

181 

3 

3 

a 


17 

30 

6 ! 

II 

XI 

2, 614 

238 

6 

5 

1, 144 

191 

4 

X 

I 


17 

19 

12 

7 

7 

I. 754 

351 

zo 

7 

1.454 

145 

5 

3 j 

3 













6 

1 6 i 


6. 

16 

24 

8 

10 

16 

2. 713 

271 

6 

5 

1, 166 

194 

3 

a 

X 


16 

12 

2 

12 1 

12 

3,086 

257 ' 

4 j 

4 

1, 188 

297 

3 

X 

0 

S...... 

' IS 

23 

16 

' 7 

7 

2, 16s 

309 i 

8 

7 

2, 296 

287 

7 

0 

X 

9- .............. . 

16 

■■ 20 , 

X 3 

7 

7 

2,090 

299 i 

9 

9 

2,372 ! 

264 

8 

X 

0 

so. . . . ' 

15 

9 

0 

12 . 

12 

3 . 37a 

281 j 

3 

3 

746 1 

240 

3 

0 

O' 

li...... : — 

IX 

9 

4 

9 

9 

2,788 

310 1 

a 

I 

304 1 

153 

X 

0 

I 

Sa- . 

xs 

17 

13 

II 

XX 

3 , 026 

.275 1 

4 

3 i 

810 

203 

3 

0 

.1 



16 

13 

5 

7 

7 

1,484 

2X2 1 

9 

8 ; 

1, 786 

198 

4 

1 4 

I 

S 4 

"It 

14 

3 

10 

10 

3.488 

349 1 

1 ' 

1 1 

290 

290 

1 

0 i 

0 

1 ^ 












1 



16, 

18 

27 

6 

14 

14 

4.320 

309 

4 

4 

X, 122 

281 

3 

I 

0 

17- . 

16 









1, 192 

1, 198 





18. 

18 

14 

3 

tl 

11 

2, 950 

268 

7 

5 

I7I 

3 

2 

2 

S 9 . ........... V.'. 

14 

18 

15 

4 

4 

940 

235 

10 

9 

1,688 

169 

4 

5 

'"I 

20. . . . 

13 

8 

5 

6 

6 

1.450 

242 

7 

7 

1, 104 

IS8 

2 

S 

■ 0 

ai. — ' 

17 

27 

12 

8 

8 

2,098 

262 

9 

7 

I. 730 

X92 

6 

I 

a 

aa. 

IS 

16 

4 

II 

11 

2, 980 

271 

4 

4 

1, 072 

268 

4 i 

0 

0 

a 3 . 

14 

24 

IS 

4 

4 

934 

234 

10 

8 

2, 032 

203 

6 

3 

:3 

Total..,.., 

337 

396 

179 

193 

199 

S3. 160 

275.4 

144 

124 

29, 268 

a 18. 8 

86 

38 

20 


TablB VII .- — Summary of data given in Table V, where seed was untreated, and Table VI, 

where seed was treated with mercury bichlorid solution i:iooo for one-half hour. The seed 
in hoik co^es was from the same ears selected from purple-leaf plants 


Points of comparison. 


Percentage of all plants that showed ptirple-leaf symptonss 

Percentage of all stickers that showed purple-leaf symptoms 

Average yield of apparently healthy plants 

Average yield of purple-leaf plants 

Average percentage reduction in yield from purple-leaf plants . , 
Percentage of plants with the purple-leaf symptom that pro- 

Percentage of plants with the purple-leaf symptom that pro- 

. 

Percentage of plants with the purple-leaf symptom that were 


Table V, 
seed 

untreated 

Table VI, 
seed 

--treated. 


42.7 





176.0 

218,8 

33*4 

30.6 


''Am 

27 'S 

26.4 

I 7'4 
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During the same year (1920) an experiment was conducted ' to 
compare plant yields of com, grown .from -ears selected in ,1919, from' 
purple-leaf plants and corresponding ones from plants not showing this 
■symptom. Twenty-seven ear rows of equal length (25 feet) were planted 
from each lot of ears. ' ' Kernels were planted singly, 14 inches apart in 
rows 42 inches apart. The results are given in Table VIII. 

Tabi^e VIII . — Comparative yields of 2Sfool ear rows of Yellow Deni corn^ grown 
near Bloomington, I IL, in xg20, from ears selected in igig from purple-leaf plants 
and from plants without the purple-leaf symptom 


Row No. 


I 

a 


3* 

4. 

5 - 

d. 

7‘ 

B, 

9. 

10 

11 

.12 

13 

14 
16 


17. 

18. 

19. 

20. 

21. '. 

22. 


23 

24 
^5.5. 

26 

27 


Seeds selected from 
purple-leaf plants. 

Row No. 

Seeds selected from 
plants witliout 
purple-leaf. 

Number 
of plants. 

Yield. 

Number 
of plants. 

Yield. 


Gm. 



Gm. 

II 

2,136 

9 B 

:e 5 

4.899 

j II 

2,300 

9C. 

17 

3 » 46 o 

■■ II 

2,320 

oT 

15 

4,360 



i 16 

2,132 

18B 

16 

3 , 682 

! 16 

2,692 

18C 

W 

3.650 

15 

3,206 

18T 

3:5 

4,534 

12 

2 . 59 ° 

27C 

18 

3»973 

14 

2,968 

27T 

18 

3,917 

14 

3,422 

28. 

3:5 

3»777 

15 

4.658 

29 

14 

4,554 

12 

3»6o6 

30 

16 

4, 162 

12 

2,724 

3 i---- 

II 

3,660 

18 

4.146 

32 

15 

3.689 

14 

3>744 

33 

3 C 7 

4, 144 

6 

1,880 

34 

17 

3 rg 4 ^ 

16 

4,424 

35 * 

15 

3,962 

14 

4,218 

36.................. 

16 

4,086 

17 

3 »S 24 

36C. 

■16 . , 

5,020 

II 

2,073 

36T. ...... 

^5 .! 

3 » 77 S 

16 

3.362 

39^................ 


4 . 3^3 

15 

2,272 

39T 

U 

3,264 

15 

3,708 

41^ . .............. 

■"I'S''': 

3 >73:^ 

14 

2,766 

41'r 

3:5 

3 »Ss 9 

25 

4,084 

4 SC - 

18 

3 v 94 S 

3:9 


45J 

IS 

3 434 

16 

3.490 

50 ^- 

3:5 

3 73:7 

■ 15 

2,413 

54C. . ............. i 

20 

3,405 


Average' yield per row,. . . 3 


i8idbX23.o 


Average yield per row, 3 » 959 ±54 *3 


On the basis of the data given in Table VIII it will be noted that the 
average yield from the 27 rows from seed of purple plants was 778 ± 134.5 
gm, less than the average yield from the corresponding ear rows 
grown from seed selected from plants without the purple-leaf symptom. 
This is a 19.7 per cent reduction in yield, and is significant in terms of the 
probable error involved. 

CAUSBS 

All purple, barren, nubbin, prolific, or multiple-eared plants, or those 
with blackened bundles fall into the group under discussion. It should 
be mentioned that these symptoms rarely occur singly, but are grouped 
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in various ways in single plants. Indications are that certain of these 
symptoms may result from' different causative agents and also that, all 
of them may be caused by one agent. ■ 

Lack of pollination results in barren plants no matter what the cause^ 
and usually all barren plants observed .in commercial fields turn purple. 
Corn plants attacked by smut often turn .purple and are sometimes 
barren. The physiologic factors accompanying loSvS of vigor by selfing 
sometimes bring out this color symptom. Other factors disturbing the 
natural physiologic processes of corn plants at critical stages in their 
growth may cause purple colorations. For example, one of these may 
be demonstrated by breaking off the ears when in the milk stage., An 
experiment bearing on this was conducted in 1921, the results of which 
are given in Table IX. 

Table IX . — Number and percentage of Yellow Dent corn plants that turned purple 
following removal of ears when in milk stage in comparison with uninjured plants in 
corresponding row, the corn being planted May a/, ipai, near Bloomington, IlL, 
de-eared August 10, and data recorded September g 



Plants. 

i 

Ro’ws. 

Total 

Pnrpkd. 


number. 

Number. 

Per cent. 

Not de-eared 

272 

272 

II 

4.0 

43*4 

De-eaxcd. . . * 

118 

' ^ i ^ i 


In the progress of the investigations it has been found that the fungus 
Cephalosporium acremonium Corda (9, p, ii) is one of the most important 
causes in producing the group of symptoms discussed earlier. Occasion- 
ally bacteria are found associated with C. acremonium in the infected 
bundles, especially in the lower interaodes. In fact, at first it was sus- 
pected that bacteria might play an important part in causing certain 
of these disease manifestations. Even yet, the exact status is not 
fully clear in this respect, but is being investigated further. 

X^ether or not the bacteria play a part in the complex, it has been 
found that Cephalospormm acremonium by itself is definitely a parasite 
capable of producing characteristic symptoms, and that it is seed-bome. 

In 1919 special attention was turned to this group of symptoms and 
Cephalospormm acremonium isolated consistently from blackened 
bundles of purple-leaf plants. Inoculations with this organism at the 
bases of dent, nint, and sweet corn when about a foot in height caused 
blackened bundles^ in the green leaves and in the stalks. From these 
leaves and stalks isolations were made and identified as the organism 
used in the inoculations. Inoculations in the field at Bloomington, IlL, 
and in the greenhouses at the University of Wisconsin and the University 
of Illinois in the following winter proved beyond doubt the pathogenicity 
of this organism; but not until 1921 were any inoculations made with 
pure cultures in the field from which reliable yield data could be secured. 
The methods of inoculation and the results are presented in another 
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In ' fhe light of subsequent experience the consistent association of 
this organism with purple-leaf plants in 1919 was due no doubt tO' the 
fact that all the. material was collected at one place, Bloomington," III, 
and that practically all of the purple plants produced there in that 
season were due to the effect of this organism. No such consistency 
of association was 'found during 1920 from material collected at the 
same place, but again in 192 1' Cephalosporium acremonium ' wa.s found 
to' be present in a high percentage of - isolations from plants of both 
dent and. sweet com 
having black vascular 
bundles. The group of 
symptoms under dis- 
cussion may occur to 
some extent without the 
presence of C. acre- 
monium. Only careful 
examinations and analy- 
ses can determine when 
this organism is respon- 
sible for these symptoms. 

It is also true that in- 
fections by this organ- 
ism may be quite general 
in corn without the 
presence of any of 
these symptoms to a 
marked extent, except 
the blackened fibrovas- 
cular bundles. 

THE ORGANISM 

The genus Cephalo- 
sporium Corda iSrP: 
is characterized by well- 
developed hyaline my- 
celium and slender un- 
branched conidiophores, 
the spores of which are 
borne singly at the apex 
but are pressed to the 
side by the next pro- 
duced and eventually form a head held together by mucilage. ^ According 
to Buchanan (5) the genus Hyalopus Corda is differentiated from 
Cephalosporium solely by the more abundant production of mucilage 
by the former and the resultant globular refractive head produced. He 
also concurs with Lindau's {28^ p. loo-iof) characterization of Hyalopus 
as a Cephalosporium grown in a moist atmosphere, and he also thinks it 
possible that Aliantospora Wakk. is but a growth form of Cephalospo- 
rium. Massee (yy, p. 2^4^ 2g2)^ (fig. 2), quoting from Grove (r^), <Kstin- 
guishes Cephalosporium from Botryosporium by the creeping primary 
hyphae and by the absence of distinct conidiophores at the tips of the 
branchlets. It differs from Acremonium by having more than one spore 
borne at the end of each conidiophoare. 
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Cep'halosporium acremonium Corda. (9), (fig. 3), was^ devScribed and 
figured by Corda in 1839, giving, it somewhat' wide limitations so tliat it 
includes any Ceplialosporium with small simple oblong or ovoid spores. 
He. found it on dead' insects' and fungi. The spores ■ figured by him 
appear too broad to be identical with the species described later and 
indicate that the organism dealt with in the original description may be' 
identical with C. acremonium form major described by Penzig {^S) and 
later by Grove {18). The spore measurements reported for the species 

and subspecies of C. acre- 



monium are presented in 
Table X. 

Dietrich, 1848 (la, p^ 
157), and Bonorden, 1851 
(j, p. 108) , gave almost 
the same description and 
like Corda did not give 
spore measurements. 
The first report of the 
fungus on corn was by 
Fresenius in 1863 (17, p, 
94-95), 4). who re- 

ported it on the drying 
leaves. He gave a careful 
description, spore meas- 
urements, and figures, 
and retained the name C. 
acremonium. Since his 
description is entirely in 
accord with the findings 
of the authors, a transla- 
tion of it is presented 
later in this paper. Ri- 
volta (41) in 1873 figured 
it together with other 
fungi in his study of 
plant parasites in their 


no. s.-Aiter Corda influence OH digcstion Ml 

I. Colony. domestic animals.* Sac- 

3 , newvlaiitsmuch eialari^^^ CardO, I878 (aA, p, 271), 

3 . Sittgle plant greatly enlarged. ^ ^ i >4 : 4 . •x* ' 

4. PieGe of hypha with two sporophores, one bearing a spore- reported it paraSltlC On 

Hypoxylon purpurea. 
Penzig, 1882 {s 0 )i re- 
ported a Cephalosporium parasitic on in leaves of 


Citrus auraniium and classified it as C. acremonium form, major 

Penzig. He thought it probably identical with A Pr. 

The latter (40, p, 126) was found on dead insects in leaves of 
limonum. Saccardo, 1881 (45) and 1886 (45), Costantin, x888 (roy 
91), Dindau, 1889 {26, 27, 28), Sorauer, igo8 (48), Ferraris, 1910 (id, p, 
61 J), and Oudemans, 1919 (35, ^. d9a), described and figured or gave 
references to this fungus. Lindau named another fungus host, Chloridium 
M 1887 (ja), found a Cephalosporium parasitic in 
hyphae of Heterosporium colocasiae and named it C. acremonium Corda 
var. mdseptaMm Massee. Oudemans and Koning, 1902 (jd), found C. 
acremonium in forest humous soil in Holland. Their careful descrip- 
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tion is published in English by Jensen, 1912 (^5). Dop, 1906 (ij), 
described a, Cephalosporiumlike fungus upon the insect Aspidiotm 
pernidosus on ^ the leaves of ■ nudfera in the island ■ of Mar- ■ 

tinique. , He named it Hyalopus yvonis. The description and spore, 
measurements are in accord with C, acremonium. Bainier, ' 1907 (i),' 
cultivated, described, and figured the fungus, as did Dale, 1914 {ii,v, 12, 
p. 5«5), in working with soil fungi. She thinks also that the form deter- 
mined in her first paper (jj, v, 10, p. 46^) as , .Verticillium is really C. 
acremonium. Peyronel, 

1914 (j9), found C. acre- r— — ^ 

monium now and then 

in the air on high moun- . > ■ , 

tains. Fawcett, 1915 ' , * ' . 

(15) , reported a Cephalo- , ' ' ' ^ ' 

sporium sp. as the cause ( 

of “zoned'' leaf spot of ■■ ' ■ / ;;■ ^ ^ 

coffee. Zimmerman, 

1916 (50), reported the C 

fungus as a parasite of 
scale insects on coffee but 
later gave it the name of 
C. lecanii. Ciferri in 
Italy, 1921 {8), reported' 

A spergillus Marians grow- 
ing on kernels of maize 
that had ■ developed on iSf 

the extremities ' of the ' ^ 

ea„ of ptot, growing *4? i"'' ‘f ■ 

in soil of low humidity. ’’'‘MjZi' 

C. acremonium was fre- 

quently found by him as ■ ^ ’ 

a parasite on the Asper- 
gillus. Manns and 

Adams, 1921 (2p, ^o, jr), y; “ ' 

madeinvestigationsupon , ,.^"*'1 ' i ! ' '' ?< I' ' ’ 

fungi carried ^within- the 

kernels of seed com . 

They found that 39.54 fto- 4.-Alter Fre«mus (17. «A J. 

per cent of Delaware seed S9- Piece of mycelium with sporeheads. 

.r 60-63. Mycelium with conidophores but no spores. 

corn lor planting m 1921 63. spores, 

was affected internally 

with a species of Cephalosporium which they determined as C. sacchan 
Butler and EZhan. Butler and Khan (7) described C. sacchari as the cause 
of a wilt of sugar cane in India. The spores of this species are larger than 
those of C. acremonium and often become i to 3 septate before germinating. 
The authors found, upon examination of cultures kindly supplied by 
Manns and Adams, that the Maims and Adams Cephalosporium does 
not correspond to the species sacchari but to acremmiium as described by 
Fresenius (17, p, ^4-^3), and therefore to the organism with which the 
authors are working. Branstetter, 1922 (4}, followed Manns and Adams 
in the identification of the fungus on com as Cephalosporium sacchari. 
Relative to the fungi carried within the kernels, he says: 

The disease survey shows that 1921 Missouri oartt Was heavily infected with Fmarium 
momliforme, Cephalosporium sacchari and Diplodia zeae in the order named. 




I^iG. 4. — ^After Presenius (17, HfU pL 5a~6z). 

59. Piece of mycelium with sporeheads. 

60-63. Mycelium with conidophores but no spores. 

63. Spores. 
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He also states that' both F. moniforme and C; sacchari grew oitt of many 
platings and that in these cases only .'the organism that appeared first 
was considered. As F. moniliforme is a faster-growing organism than 
the so-called C\ sacchari, the above statement on the relative occurrence 
of these two organisms may be misleading. 

In comparing closely related species the size of the spores is a very 
important character. For this reason the spore measurements of . C. 
acremonmm^ C. sacchari, Acrostalagmus albus, and Hyalopus yvonis are 
presented in Table X, which also includes the names of the investigators 
making the measurements and the dates of publication. 


t KBiM yi.—N ames of investigators ^ dates of publications ^ and spore measurements 
recorded hy each author for a number of species and subspecies of C, acremonium, C. 
saccharif Acrostalagmus albus, and Hyalopus yvonis 


Name of investigator. 

Date. 

Name of organism. | 

Spore measurements. 

hength. 

Breadth. 

Fre 5 ?pnius 

1863 

1878 

1902 

1907 

1921 

C. acremonium 

Microns. 

3.3-6 

a 

M icrons. 

Siiccardo 

. . . . .do. 

1 

dudemans & Koning . , 
Bainier 

. . . ,*.do. 

4 

1-1 , c 

do 

2.5-s 

4 - 8“6 


Ciferri. 

.... .do. 

1.8 



Estimated average. . . . . 



4. 5 

I- 3 S 





Penzig 

1882 

C. acremonium f orm major 

4 -S'~S 

4-5 

3 - 3 '- 3 'S 

10 

2-2. 'S; 

,:2' ' 

Clrove ^ - . ........ 

1893 

1882 

,do 

Preuss ........... . . . . . 

Acrostalagmus albus . , ....... 

• ' 4 ' 

Massee, G. . . . . . . 

1887 

1906 

1913 

C. acremonium form unisepia- 
- turn. 

Hyalopus yvonis 

Dop, P .......... 

4 

1-1.5, 

Butler & Khan . , . . . . 

C. sacchari . , 

4-i'2 ! 




» Spores more oblong than Corda's figures ( q ). 


The following is a translation of the description of C. acremonium Corda 
by Fresenius (17, />. 94~95) : 

On leaves of Zea tmtSi which became moist while being dried. 

Belicate white mold. From creeping branched mycelium, which by strong 
m^nification does not show septation plainly, arises, like the stalks in a spindle of a 
racenie, simple, nonseptate, conxdiophores of practically equal length, which, at 
times plainly swollen at the base, ^adually taper to a point like an awl and 
each bears around head consisting of many spores held together by slime. These 
cqnidiophores develop either singly or crowded almost in whorls; they occur also 
with two terminal spore heads as in Figures 59 and 60; in the latter two very short 
projections can be seen which indicate that, in this case, both heads stood very close 
together. When placed in a drop of water, the spore heads dissolve immediately 
and the spores are dispersed. Tlie spores vary considerably in size and form; . they 
meastire 1/300-1/170 mm. in length and, in outline, vary in shape from oval to oblong 
or almost linear (Fig. 4). 

The general habit of the fungus strongly suggests that of Acremonium; except in 
the latter genus only a single spore is borne On the end of each conidiophore. The 
conidiophores with their spore heads are somewhat similar to Hyalopus. 

Norton and Chen (j4) reported a com seed parasite in 1920 which they 
thought may have been described as Oospora, Cephalosporium, Acrosta- 
lagmns^ or Vertitcilliunu The occttrrence of spores that are sometimes 
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septate , and conform in size to the microconidia of Sheldon's Fusarium 
moniliforme (47) would differentiate it^rom C. acremonium, 

ISOLATION OF ORGANISM AND GROWTH ON ARTIFICIAL MLBIA 

The usual method, of isolating the organism from the stalks was as 
follows: The stalk, while still turgid, was cut obliquely near the base to 
determine the presence of blackened bundles. If these bundles were 
present, pieces of the ' internodes were selected, split lengthwise, and 
immediately small portions of the blackened bundles were transferred 
aseptically to potato-agar slants or plates. Many of these gave rise to 
apparently pure cultures’ of Cephalosporitim acremonium and, upon 
abundant sporulation, small pieces of the fungus were used to make 
spore suspensions from which dilution plates were poured. Transfers 
were made from single colonies to potato-agar slants. Internodes 
of the stalks are used because local infections by other organisms 
are somewhat common at the nodes, while organisms causing systemic 
infections are comparatively few in number. Hence, the different 
organisms to be found internally in the internodes are not abundant. 

Cephalosporium acremonium grows on numerous culture media. It 
makes rapid progress on media containing a carbon compound, such as 
dextrose, maltose, lactose, saccharose, mannit, or glycerine. Aerial 
mycelia with conidiophores and conidia usually are present on potato- 
dextrose agar and nutrient-dextrose agar at the end of three days' growth 
at temperatures between 17° and 32® C. 

The h3q>hae in young cultures of recent isolations are in more or less 
loose cottony masses but appear somewhat coarse because of their ten- 
dency to agglutinate. The mycdium forms a moderately thick pale 
pink skin on the substrate by anastomosis and agglutination. It does 
not change the color of the agar. When the organism is first isolated it 
is usually pink or salmon colored and spore production is abundant. 
When carried for long periods on artificial media, it soon loses its color 
and more slowly it decreases in spore production and the quantity of 
aerial mycelia. 

Some 3-year old isolations have no aerial mycelia except a few spikes 
of agglutinated hyphae which often form in rosettelike groups. Macro- 
scopically, various isolations show some differences in culture, particu- 
larly in the intensity of the pink coloration and in the height and uni- 
formity of the h3q)hae bearing the conidiophores. Isolations from sweet 
com as a rule tend to be pinker in color and the little fascicles of aerial 
hyphae are more irregular and more curled than they are in isolations 
from dent com. The spores are borne singly at the end of the conidio- 
phore and collect in a mucilaginous ball containing from a few to as many 
as 50 or more. The fluid in which they are involved is copious enough 
to obscure any outline of the spores at the periphery of the sphere, giving 
them the appearance of glistening drops. When the spore head is placed 
in water the spores disperse immediately, but each spore retains a cap- 
sule. On account of this capsule, measurements of the spores vary with 
the moisture of the medium on which they are grown and with the man- 
ner in which they are mounted for examination. In India ink, allowed 
to dry at room temperature and examined immediately, they measure 3-6 
by 1-1.8 microns and average 4.3 by 1.3 microns (PL 6, B, C, D). These 
measurements apply to isolations from both sweet and dent corn and 
also to the organism supplied by Manns and Adams. 

. . 73433 — 24—2 ' 
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Indicator media containing dextrose, saccharose, and glycerine, respec-' 
tively, with cresol purple to detect increase in acidity and cresol red to 
detect increase in alkalinity were used in an attempt further to classify 
the various isolations of Cephalosporium acremonium. No data were 
obtained that would separate, the sweet corn' from the dent corn isolations. 
Although each isolation behaved consistently in a number of trials, it 
was found that two isolations from the same stalk might differ in their 
behavior on these media. Work is being continued on the organism, 
but for the present the various isolations, differing in minor character- 
istics, are regarded as various strains of C. acremonium. The organism 
supplied by Manns and Adams is also considered as representing this 
species rather than C. sacchari. 

LIFE CYCLE OF CEPHALOSPORIUM ACREMONIUM 

Infected ears carry the organism internally in the seed. As will be 
shown later, Cephalosporium acremonium is definitely pathogenic. It 
develops with the germinating kernel and causes a systemic infection of 
the plant through the vascular system (PI. 6, A). By this means, it 
invades the ears and eventually the kernels. In this manner it is carried 
over to tlie following season. Occasionally an ear can be found which is 
externally overrun. In observations extending over a period of three 
years, only one such ear has been found. Probably an especially damp 
harvest season or poor storage conditions are necessary for this develop- 
ment. It seems possible that with such development, the infection 
might spread from ear to ear. Extensive inoculation experiments in 
which spore suspensions were placed on the seed gave, on the whole, 
negative results (see Table XI). However, the question of soil infection 
has not been determined definitely as yet. 

Seed infection can be determined microscopically on limestone-sawdust 
germinators as described by Holbert and Hoffer (21, p. 14-16), but the 
symptoms are easily overlooked so that up to the present only a fair 
degree of accuracy has been attained by this method. 

Infected geminating kernels have blanched, white tips, sometimes 
with noticeable mycelial growth. Often, however, the mycelial growth 
can not be seen until examined microscopically. Wien the symptoms on 
the germinator are overlooked the ears often are chosen for seed, because 
germination and the vigor of the infected seedlings are seldom impaired 
at this time. 

In experiments, macroscopic examination of germinating kernels is 
followed by microscopic examination of those suspected. In this way the 
infected ears can be accurately determined (PL 6, E). In two instances 
30 ears of this t3q3e were obtained. Two composites made from an equal 
number of kernels from each of these ears showed 65 per cent and 95 per 
cent Cephalosporium infections, respectively. 

Cephalosporium acremonmm has been isolated from black bundles in 
first leaves (PL 6, F), from bundles in the stalks (PL i (right), 3 B), 
from the shanks, from the cobs, and from the kernels. 

INOCULATION EXPERIMENTS WITH CEPHALOSPORIUM ACREMONIUM 

These experiments were conducted near Bloomington, 111 ., on uniform, 
well-drained, fertile brown silt loam soil. The land on which the inocu- 
lation experiments wei-e located never had been cropped previously. 



Tabi,^ XL — Field and harvest data on the influence of seed inoculation with Cephalosporium acremonium. Seed inoculations were made at time of 
planting, May ii, ig2X, Various strahu of Yellow Dent corn grown on virgin, brown silt loam soil, Bloomington, III. 
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The plats were hand-planted in hills 42 inches apart eadi way at the 
rate, of 3 kernels per hill. Great care was exercised throughout the season 
to avoid mechanical injury of the plants during cultivation, and to guard 
against insect pests and rodents, but no attempt was made either to thin 
to a uniform stand or to correct for differences in. stand. 

Acre yields have been reduced to a uniform moisture basis of 14 per 
cent and reported as Total yield'' and Yield of marketable com/' 
the latter obtained from the former by excluding small nubbins, rotten 
ears, and light chaffy ears as described by Holbert et al (22), 

Table XI gives the field and harvest data on the influence of inocu- 
lating various strains of Yellow Dent com with Cephalosporium 
acremomum isolated from dent com. The inoculum was in the form of a 
spore suspension in sterile water, enough spores from potato-dextrose 
agar cultures being used to produce a moderate cloudiness in the water. 
The seed was soaked in the inoculum not to exceed one-half hour and then 
planted,. 

As was noted above under life cycle of the organism, Table XI is a pre- 
sentation of data on seed inoculation. The effects in this case are almost 
negative. 

Table XII gives the results of inoculations with Cephalosporium acre^ 
monium with all conditions similar to those in Table XI except that the 
inoculations were made by means of a hypodermic syringe when the 
plants were about 12 inches in height. Approximately 0.2 cc. of the sus- 
pension of the organism was injected into the central portion of each stalk 
at about 2 inches above the crown of the plant. Control plants were 
injected with corresponding amounts of sterile water. The difference in 
final field stands of the inoculated plats, and the control plats averaged 
less than one-half per cent. 

Table XIII . — Summary of data presented in Table XII 


Points of comparison. 

Control. 

Inocu- 

lated. 

Per cent 
increase 
foUowin^r 
inocula- 
tion. 

Per cent 
decrease 
followinjj 
inocula- 
tion. 

Mean percentage final field stand ... 

Mean number of suckers per plat 

Mean number of purple stalks per plat. . 
Mean number of prolific stalks per plat. 
Mean number of barren stalks per plat. . 
Mean number of nubbin ears per plat. . . 

Mean total yield (bushel) per plat 

Mean yield of marketable corn (bushel) 
per plat. 

93-6 

14- 5 
2.0 

2,1 

8.9 

S -9 

84.8 

S 9 . 6 J 

93.1 
35-5 
3*1 
4*5 : 
13.8 1 

8.4 1 
75 vI' 

■ ■ 47^7/ 

144. s 
55*0 
114-3 

55.1 

42.4 

O'S 

j. . 

xi .4 ' 

\ ' ■■ 




Odds. 


> 999:1 
74:1 

>999:1 

> 999:1 

> 999:1 

> 999:i 

>999:1 


It will be noted from Table XIII, which gives a summary of the daba 
in Table XII, that there was a 144.8 per cent increase in number of suckers, 
55 per cent increase in purple sMks, 114.3 percent increase in prolific stalks, 
55.x per cent increase in numbef of barren stalks, 42.4 per cent increase 
in number of nubbins, 11.4 per cent decrease in total yield, and 20.0 per 
cent decrease in yield of marketable com in the plats inoculated with 
Cephalosporium mremanium. The increase in the number of suckers on 
the inoculated plants was the most apparent symptom in the plats. This 
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also was the case in 1922 both in inoculated plants from horny, nearly 
disease-free seed (PI. 5 A, B, C) and in ear rows from naturally infected 
seed (PL 4 A, B). However, inoculations of various strains of corn with 
this organism do not produce this symptom consistently. Starchy com- 
posites, especially, show less tendency to sucker when inoculated with this 
organism, but the main, stalks are more markedly affected, resulting in 
numerous weak, spindly, low-yielding plants (PI. 5 C, D). In this latter 
case the reduction in yield generally is greater than in better strains of 
corn which show increase of suckering. 

Table XIV gives the results of inoculations with Cephalosporium acre- 
monium with all conditions similar to those described in Table XII, ex- 
cept that the date of planting, May 28, was later, that the control plants 
were not injected with sterile water, and that five rows in a third series 
were inoculated with Aplanobacter stewarti (E F S) McCuL This bac- 
terial organism, also pathogenic on dent com, is further similar to C. 
acremonium in its attack on corn in that it causes vascular infections of 
the plants. Yields of the plats, the plants of which were injected with 
sterile water, were compared with the yield from a number of corresponding 
control plats not thus injected. The injections of water seemed to have 
no effect. In every case the yields from the group of plants receiving 
sterile water injections equaled or slightly exceeded the corresponding 
ones not thus injected. Therefore, mechanical injury caused by the 
inoculations was considered negligible. 

In agreement with the results given in Tables XII and XIII, the results 
given in Tables XIV and XV show an increase of suckers, purple stalks, 
prolific stalks, nubbin ears, and barren stalks, and a significant decrease 
in good ears and yield from the plants inoculated with Cephalosporium 
acremonium. 

Comparing the inoculations of the two parasites, Cephalosporium 
acremonium increased the number of purple stalks (152.4 per cent) while 
Aplanobacter stewarti did not increase them, and although Aplanobacter 
stewarti increased suckering, the C. acremonium plats averaged 110.8 
per cent more suckers than the A, steimrti plat. In a sitnilar way there 
were 55.3 per cent more nubbin ears in the C. acremonium plats than in 
the A, stewarti plats. The number of barren stalks was increased and 
the yields decreased about the same amount in both inoculations. 
Therefore, the outstanding differences in the effects of those two patho- 
genes causing vascular diseases of corn are the increase in the number 
of purple stalks and the larger number of suckers, prolific stalks, and 
nubbin ears caused by C 

In Tables XII to XV it will be noted that the reductions in yield due 
to the hypodermic inoculations with Cephalosporium acremonium and 
Aplanobacter stewarti range from slight increases to as much as 44.6 per 
cent reduction in acre yields of marketable corn. Table XVI presents 
data comparing the resistance and susceptibility of different seed selec- 
tions from various strains of Yellow Dent corn to the vascular diseases 
induced by C, acremcmum and A, stewarti. Data from inoculations with 
Gibberella saubineiii on com grown from similar seed from the same 
sources are included to show that, in general, seed lots susceptible to 
these two vascular diseases are likewise susceptible to one of the rootrot 
organisms. 



XIV,*— Dafa showing comparative field stands number of suckersy purple stalks t barren stalks^ and total and marketable earSf and yields of shelled 
com from various strains of Yellow Dent corn uninoculated and inoculated hypodermically when about 12 inches high with Aplanobacter stewarii and 
Cephalosporium acremoniumy respectively ^ planted May 28 1 jg2l, in adjacent plats on uniform^ virgin, brown silt loatn soil, at Bloomington, III, 
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TabIvI^ XY , '•^Summary of data presented in Table XIV 


Points of Comparison. 

Control. 

Inoculated. 

Increase or decrease followiuK 
inoculation. 

A. 

stewarti. 

C. acre- 
monium. 

A. stewarti. 

C. acremanium. 

Mean percentage final field 




Per cen t. 

Odds. 

Per cent. 

Odds. 

stand 

97-9 

97-5 

96.0 

0.4 


1 . 0 


Mean number of suckers 




per plat 

S-o 

15-8 

33-3 

216.0 

>999:1 

566.0 

>999:1 

Mean number of purple 








stalks per plat 

2 . 1 

2 . I 

5‘3 



152.4 

>999:1 






Mean number of prolific 








stalks per plat 

1.6 

2.1 

3*3 

31-3 

15:1 

106.3 

,195:1 

Mean number of barren 








stalks per plat 

7-4 

9.6 

9.9 

29.7 

554:1 

■ 33-8 

356:1 

Mean ntimber of nubbin 








ears per plat 

2.6 

3-8 1 

5-9 

46.2 

78:1 

126.9 

>999:1 

Mean total acre yield 








(bushel) per plat 

90.0 

84-8 

85.5 

-S-8 

554:1 

- 5-0 

199:1 

Mean acre yield of market- 








able com (bushel) per plat . 

68.6 

59- 1 

60.7 

-13.8 

>999:1 

-II . 5 

>999:1 


The nearly disease-free control (Table XVI) was a composite of seed 
ears selected from apparently healthy plants and showing no evidence 
of rotting or infection when tested on a limestone-sawdust table germ- 
inator. This strain of Yellow Dent corn is the result of several years 
careful plant and germinator selection to avoid seed from plants affected 
with any of the root, stalk, and ear-rot diseases. Com grown from this 
seed was highly resistant to injury following inoculation with Gibber ella 
saubifwtii, but was damaged to the extent of 12,9 per cent by inoculation 
with Cephalosporium acremonium. Although care had been exercised 
to avoid plants showing purple leaves and multiple ears, it is probable 
that many ears were included from year to year that had grown on 
plants more or less infected with C. acremonium. This fact may account 
for the greater susceptibility of this corn to C. acremonium than to 
G. sauhinetii. It is also interesting to note that the nearly disease-free 
control com was not equally susceptible to the two vascular diseases 
induced by C. eiXid A. stewartj respectively, being rather 

susceptible to the former, but highly resistant to the latter. 

The other lots of seed referred to in Table XVI were furnished by three 
representative farmers from three different counties in central Illinois. 
From these lots of seed, two selections of approximately 300 ears each 
were chosen on the basis of physical appearance. Ears included in the 
'‘good seed'" selection had been grown on plants apparentljr not much 
affected by any of the root, stalk, and ear-rot diseases, while the ears 
included in the "susceptible seed’ ^ selection bore evidence of having 
been produced on diseased plants. No dead or weak-germinating ears 
were included. Data presented in Table XVI show that the corn grown 
from the susceptible seed selection was affected to a much greater extent, 
as expressed in terms of acre yield, by the inoculations with both C, 
acremonium and A. stewarti than was the com grown from the good 
seed selection. Corn grown from the susceptible seed selection also was 
more susceptible to injury following inoculation with Gf sauhinetii. 
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Table XVI.— data from certain selections and strains of Yellow Dent corn 'when 
inoculated with Cepkalosporium acremonium^ AplanohacUt stewartij and Gibbefella 
saubineiii, the com being grown near Bloomington, 111 ., in igzi, on virgin brown silt 
loam soil of high fertility 


Ciiaracter of seed. 

■ 

Inoculated with— 

III 

Total ac 

Control. 

re yield. 

Inocu- 

lated. 

Reduction fol- 
lowing inocula- 
tion. 

Odds. 




Bushels. 

Bushels. 

Bushels. 

Per. ci . 


Susceptible selection , . . 

C. acremonium. . 

6 

84.0 

65-7 

18.3 

21. 8 

>999:1 

Good seed selection 

do 

6 

88.0 

Sx.K 

6 . ^ 

7.4 

45:1 

Susceptible selection . . . 

A. stewarii 

6 

85.6 

74.1 

II. s 

13-4 

59*1 

Good seed selection 

do 

6 

84,1 

i Sc.o 

- 4 - 0.0 

-fl.I 

I :x 

Susceptible selection . . . 

G. saubinetii 

6 

84.6 

1 69.0 

15.6 

18.4 

158:1 

Good seed selection 

do 

6 

85-7 

80.6 

K . I 

6.0 

8:1 

Nearly disease-free 







control 

C. acremonium. . 

14 

89.4 

77-9 

II . 5 

12.9 

>999:1 

Nearly disease-free 








control 

A. stewarii 

14 

93-9 

91. 1 

2.8 

3-0 

37:1 

Nearly disease-free 








control 

G. saubineiii. 

14 

90.4 

87.5 

2.9 

3*2 

50:1 


A further study of the field performance of these same seed lots is given 
in Table XVII. Com grown from the susceptible seed selection, which 
was injured to the extent of 21.8 per cent, 13.4 per cent, and 18.4 per cent 
by inoculations with pure cultures of C. acremonium, A. stewarii, and 
G. saubineiii, respectively, yielded 8.6 ± i.i bushels less sound corn than 
com grown from the good seed selection which was highly resistant to 
injury from inoculations with all three organisms. 


Table XVII. — Yield data from the sttscepUble and good selections and the nearly diseased- 
free control, grown near Bloomington, III., in igsi, on infested brown silt loam soil 
of medium fertility 


Character of seed. 

Num- 

ber 

of 

plats. 

Acre yield. 

Increase in yield of 
marketable corn of 
good seed selection 
over susceptible 
selection. 

Increase in yidd, of 
marketable corn of 
nearly disease - free 
check aver good seed 
selection. 

Total. 

Market- 

able. 

Susceptible seed selection. . . . 
Cood sseed selection .......... 

43 

42 

42 

Bushels. 

74. 8 ±o. 5 
79. 6 dbo. 7 
86 . 44 : 0 . s 

Bushels. 
46. s±o. 7 

55- 1 ±0-8 j 

64. 3 ±0.5 

Bushels. 

Per 

cent. 

iW- 

Bushels. 

Per 

cmf. 


P. B. 


8 . Sir. I 

18.5 

7*8 





licarly disease-free check .... 

9. 2'±0. 9 

th. 7 

; .'10. 2 





Additional data on the field performance of the susceptible and good 
seed selections at various points in Illinois are presented in Table XVIII. 
Although the difference in yield between these two selections was not 
large at Bloomington, nor at Peoria, where corn followed clover, yet the 
mean difference in yield at all points was 11.9 bushels, or 15.4 per cent, 
with odds of 58:1. The mean difference in yield of marketable com 
was'l,arger.: 

Since these data (Tables XVI, XVII, XVIII) show that resistance to 
the two vascular diseases (Table XVI) probably is closely associated 
with the ability to yield well in soil infested with disease-producing 
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organisms and under unfavorable environment, it is thought that plant 
breeders may take advantage of this relationship in developing produc- 
tive strains and varieties of com more resistant to root, stalk, and ear- 
rot diseases. Eliminations of homozygous strains on the basis of sus- 
ceptibility could be made by inoculating with one or both of the vascular 
disease organisms. The authors also feel that inoculations with Cepka- 
lospormm acremonium and Aplanobacter stewarti would add considerably 
to the value of corn varietal tests. 


Table XVIII . — Yield data of com grown from good seed and susceptible seed selections, 
ike experiments being conducted on brown silt loam soil at various points in Illinois, 
iniig2X 


Location (Illinois). 

Previous crop. 

Total acre yield. 

Decrease in 
yield from 
suscer>tible 
seed selec- 
tion. 

Good seed 
selection. 

Susceptible 
seed selec- 
tion. 

Bloomington 

Do 

Virgin prairie sod 

Com 

Bu, 

88.9 

78.4 

83-3 

73-4 

81. 5 

83.2 

85-4 

69.8 

67.0 

64.4 

Bu. 

84-5 

74.6 
7 S -8 
71-5 

66.6 

66 . j 

62.8 

So.i 

59*5 

43-8 

Bu. 

4.4 

3.8 

7 -S 

1.9 
14.9 

16.5 

22.6 

19-7 

7.5 

20.6 

Do 

do . , 

Peoria 

Clover 

Do 

Com 

Do........ 

.... .do 

Do 

do 

Virginia 

Clover 

Do 

..... do 

Do ............... . 

.....do... 

Mean 


77*5 

65,6 

“ IX. 9 




aOddssS:j. 

SUMMARY 


This paper presents the results of investigations of a hitherto unreported 
disease of corn and of an organism capable of producing it. 

The most distinguishing symptom of this disease is the presence of 
blackened vascular bundles in the stalks and sometimes in the leaves. 
Associated with the disease to a notable extent are the following abnor- 
malities : Excessive sucker production, prolific stalks, manifestations of 
which are a tendency for ear development at many nodes or multiple-ear 
production at one node; a certain type of reddening or purpling of the 
leaves and stalks; stalks with aborted ears (barren); and stalks bearing 
nubbins only. 

The first part of this paper deals with this group of symptoms in a gen- 
eral way without special regard to causes. The data presented in this 
connection are based mainly on leaf and stalk color manifestations. How- 
ever, it was noted that the other characteristics of this group were closely 
associated. 

The data on economic importance show that high percentages of dis- 
eased stalks (46.6 per cent in the untreated seed and 42.7 per cent in the 
treated seed), result from planting ears selected from purple stalks and 
that 5delds are reduced The yield data are presented in tyro ways. The 
first shows the average reduction in yield of purple-stalked plants (33.4 per 
cent with untreated seed and 20.6 per cent with treated seed). This 
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might be used in estimating loss whenever survey data are at hand. The 
second shows the reduction in yield due to selecting seed ears from purple- 
stalked plants (19.7 per cent), and, therefore, the advisability of avoiding 
selection of seed ears from stalks exhibiting this symptom. 

Cephalosporium acremonium has been found closely associated with 
this group of symptoms and has. produced many of these symptoms by 
pure culture inoculations. Another symptom brought out more strongly 
by artificial inoculations is an increase in suckering. 

The disease caused by this organism is seed-borne and vascular. 
Therefore, when experimenting with this particular organism, the black- 
ened fibro-vascular bundles were considered the most distinguishing 
characteristic. Purpling, prolific stalks, barren stalks, nubbin ears, and 
suckering were noted as being closelj’' associated. 

The organism enters the seed through the vascular system and lives 
within it until placed under conditions favorable for germination. Gener- 
ally it does not inhibit germination or affect the early vigor. It specifi- 
cally affects grain production and a general blighting sets in near the end 
of the growing season. 

In one inoculation experiment comprising more than 3,000 plants of 
Yellow Dent com and designed to give reliable yield data, the half 
inoculated with a pure culture of Cephalosporium acremonium produced 
1 1.4 per cent less in total yield and 20.0 per cent less in marketable com 
than the other half used as a control. The inoculated com showed also 
increases of 144.8 per cent in number of suckers, 55 per cent in purple 
stalks, 1 14.3 per cent in prolific stalks, 42.4 per cent in nubbin ears, and 
55.1 per cent in barren stalks. 

Inoculations of a number of strains of Yellow Bent corn have shown 
different degrees of susceptibility. Even very susceptible strains of this 
com may react differently to invasions of this organism as reflected in 
their outward characteristics. 

To reduce losses from this disease it is well to avoid selection of seed 
ears from stalks having any of this group of symptoms. Probably the 
best measure of control will come with the development of resistant 
strains of com within the varieties. Preliminary seed treatment experi- 
ments, not yet ready to be reported in this paper, offer promise of con- 
trol of this disease. 
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PLATE I 


Bases of Yellow Dent com plants at time of harvest ctit to show internal condition. 
Healthy plant at left; plant at right infected with C. ucremomum., showing char- 
acteristic blackened bundles and purple stalk. 
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PLATE 2 


Portions of diseased (left) and healthy (right) Yellow Dent com plants in the same 
hilL grown at Bloomington, 111 ., 1918. 

A. ^ — Basal portions showing excessive brace roots on diseased stalk (left). 

B . — Obliqne sections through the basal jwrtions of same stalks. The vascular bundles 
of the diseased plant (left) are black, while those of the healthy plant are normal in 
color., 

C. —The ear bearing portions of the same two stalks. Diseased stalk (left) with 
aborted ear; healthy stalk (right) with healthy ear. 



PLATE 3 


A. — Portion of a main stalk of Ftmk Ninety-Day com {Zea mays indentata) skewing 
one type of barrenness. The cob is of normal length but the grain production is 
practically nothing. The leaves were purpled and many of the vascular bundles in 
the stalk were almost black. Bloomington, 111 ., 1920. 

B. — Portion of a main stalk of com {Zea mays indentata) showing an extreme case of 

the most common type of barreimess found in connection with the black-bundle 
disease of com. The ear is almost entirely aborted. In other typical cases small 
nubbins of various lengths are produced which usually curve toward the stalk. Bloom- 
ington, 111., 1920. ■ ^ 

C. — Portion of a main stalk of com (Zea mays indentata) sho'wmg an attempt at 
multiple ear production. A high percentage of such plants have blackened vascular 
bundles in the stalks. Bloomington, 111 ., 1920. 
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PLATE 4 

Ear rows of Yellow Dent com planted early on brovm silt loam soil of high fer- 
tility » near Bloomington, 111., and photographed in August, 1922. 

A. -^rown from nearly disease-free seed. Note absence of excessive suckering. 

B, — Grown from the same strain of com as in A but nattirally infected with the 
fungus, C. acremoniu'm. Note excessive suckering. 
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PLATE 5 

Hills of Yellow Dent com, minoculated and inoculated with C. acremonium. 
Bloomington, IlL, 1922. 

A. — Hill of com in the uninoculated control plat grown from nearly disease-free 
seed. Note the absence of suckering, together with normal formation of ears. 

B. — Hill of com in the inoculation plat (inoculated with C. acremonium) grown 
from nearly disease-free seed. Note the number of suckers. 

C. — Hill of com from nearly disease-free, homy seed; plants inoculated with 
C. acremonium. Note normal development of stalks and ear shoots but an excessive 
number of suckers. 

B. — Hill of com from weak, starchy seed; plants inoculated with C. acremonium. 
Note spindly stalks without suckers or ear shoots. 
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PLATE 6 

A. — Portion of com |)lant about three weeks old showing strii)es in the leaves 
caused by natural infection of some of the bundles with C. acremonium. 

B. — Spores of C. acremonium. (X looo) 

C. — Spore of C. acremonium 44 hours after germination on potato dextrose agar. 

(X 250) 

B. — Piece of mycelium of C. acremomum. ( X 200) 

E. — Cephalospofium acremomum as it appears on the funiculus of germinating 
kernels of com when mounted under the low power of the compound microscope. 
(X 200) 

F. — Photomicrograph of a cross section of a blackened vascular bundle in a green 
leaf of a young dent com plant. The mycelium of C. acremomum is shown almost 
completely filling the spiral and the annular vessel and occasional strands are shown 
in the small pitted vessels between the two large pitted vessels. 






CHANGES IN HYDROGEN-ION CONCENTRATION PRO- 
DUCED BY GROWING SEEDLINGS IN ACID SOLU- 
TIONS^ 

By jEiiiEL Davidson, Associate Chemist, and Edgar T. Wherry, Chemist in Charge, 

Crop Chemistry Laboratory, Bureau of Chemistry, United States Department of 

A griculiure 

INTRODUCTION 

The importance of the reaction (the active acidity or alkalinity) of the 
medium in plant life, as well as in biological processes in general, has 
long been recognized. Studies in this field, however, have gained an 
impetus with the introduction of improved and delicate methods for 
estimating hydrogen-ion concentration. 

Taking advantage of the ease of manipulation which characterizes 
these methods, agricultural investigators and botanists have secured 
a great many data on the relation between plants and the reaction of 
the medium in which they grow’. Much of the recent work, undertaken 
for the purpose of establishing fundamental principles, has been con- 
ducted with nutrient solutions of known composition and with seedlings 
under conditions involving the least interference from unknown disturbing 
factors. 

Most of the investigations thus far reported have dealt primarily 
with the effect of the reaction of the medium on plant growth, their 
ultimate goal being the determination of the specific optimum reaction 
of the medium for every cultivated plant. Only a few investigators 
have attacked the problem from the opposite side, studying the effect of 
the plant on the reaction of the growth medium. This side of the 
problem, however, is of the highest importance, as it may throw light 
on the causes of soil acidity under natural conditions, a knowledge of 
which will greatly facilitate the study of the means of controlling the 
reaction of the soil under cultivated plants. The work here reported 
was designed primarily to study the effect of plant growth on the medium* 

PREVIOUS WORK 

Only a few investigators whose work has a direct , bearing on the 
subject matter of this article will be quoted here. 

In 1904 Veitch (zi) ^ reported tlie effect of several kinds of plants on 
the reaction of the soil. In six years oats followed by buckwheat 
decreased the ''total apparent acidity, as determined by the Veitch 
method (xo), of nearly all the soils, some of the soils originally acid 
giving an alkaline reaction. On the other hand, beans followed ■ by 

^Accepted for publication Nov. 1, 1923. Presented in abstract at the meeting of the American Chemical 
Society in New Haven, April 6, 1923. 

^Reference by italic numbers is to the literature cited on page 217. 
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buckwlieat during the same period increased the “total apparent 
acidity'* of the soils used. 

Breazeale and Le Clert (j) found that grooving wheat seedlings made 
a sodium nitrate , solution alkaline, while solutions of potassium cMorid 
and potassium sulphate became acid under the same conditions." 

Of the investigators using the more recent methods for determining 
active acidity and alkalinity, Jones and Shive (7) studied the effect of 
wheat seedlings on the hydrogen-ion concentration of a number of 
nutrient solutions. Wheat seedlings, after having been grown for five 
weeks in “Shive's Best” solution, were transferred to the nutrient 
solutions. The initial hydrogen-ion values of these solutions were 
recorded, as well as the changes resulting after the seedlings had been in 
contact with the nutrient for 24 and 52 hours. Invariably the changes 
were in the direction of decreased acidity. The initial reactions of most 
of the solutions ranged from 4 to Pu 4-8. At the end of the experi- 
ment the reactions ranged from 5.3 to 6.1, Two of the solutions the 
initial reaction of which had been almost neutral remained practically 
unchanged under the same conditions. 

Hoagland (6), wrorking with barley and several varieties of beans, 
found that “in evenr instance, without an exception, nutrient solutions 
with an initial acid reaction reached approximately neutral reactions, 
varying from 6.1 to 7.2, after contact with the plant roots for varying 
periods of time.” 

Conner and Sears (4), while studying the effect of aluminum salts on 
plant growth, also found that nutrient solutions with an initial acid 
reaction tend to become less acid in contact with grownng rye, barley, 
and , popcorn seedlings. 

Arrhenius (r, p. 81) reported that plant roots change the reaction of 
the medium, but that the direction of the change depends on the plant 
used. Rye brought nutrient solutions of original Ph values 3 and 9 to 
Pji 5.8; peas brought nutrient solutions of original P^ values 3 and 8 
to 4.5;' and com brought nutrient, solutions of original values 3 and 
7.5 to 6.5. 

Later the same author (2) studied rice in like manner. Acid reac- 
tions in the nutrient solution used were obtained by adding hydrochloric 
add and alkaline reactions by adding sodium hydroxide.' In all 'Cases 
the growth of the rice plant brought the reaction to Pjj 6.2. 

On the other hand, Olsen (^) reports that the kind of plant used does 
not, affect the direction in w^hich change of reaction takes place. He 
concluded that the direction depends primarily on -the source of nitrogen 
in the nutrient solutions. When ammonium chlorid ■ or nitrate is used, 
all 12 plant species tried caused the solutions to become more add, 
although some plants produced the change more rapidly than others. 
■When sodium nitrate was used, however, the solutions uniformly became 
more .alkaline. 

Results obtained in the Bureau ■ of Chemistry (Table ' I) , show that '' 
factors other than those given’ by Arrhenius and Olsen (the kind of 
plants 'and source of nitrogen), affect the direction of the 'Change in 
reactions produced in nutrient, solutions under the influence of' growing 
seedlings. 
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Table I. — Changes produced by 7vhmi seedlings in hydrogen-ion conceniration of a 
7iuirient soluiion as affected by its concentration and its initial reaction a 


1 

1 

j 

Concentration of solution. | 

Reaction. 

Initial. 

After I day.! Afters days. 

1 

Undiluted 

Fh. 
c, c 

Pn. 1 

5 * 4 1 
4.8 

Ph. 

5 - ^ 
4. 6 

Da 

K* I 

Diluted < times 

5- S 
: 5< I 

5-2 I 

0 1 

4. I 
3, 6 

Do 


o-y 1 
i 



The acidity data are reported in this and the other tables in the Fh system, not because this system 
is believed to be the best for the purpose, but because other workers are using it and its use facilitates 
comparison of these results with theirs. 


The nutrient solution used had the following composition: 

Calcium nitrate 

Di-potassium phosphate 

Magnesium sulphate 

Potassium chiorid 

Ferrous sulphate 


Gm. 
2 . 7 
i.S 
.6 

•75 
. 01 


Twenty wheat seedlings were used for each culture. They were about 
4 days old when transferred from tap water to the solution. The nutrient 
solution was used in two concentrations — full strength and diluted five 
times. The initial reaction of the full-strength solution, expressed in 
the Ph system, was 5.5. The other initial reactions were produced by 
the addition of hydrochloric acid. Variations in the changes of reaction 
were obtained while using the same plant and solutions of the same 
composition. The changes were clearly affected by the initial concen- 
tration of the nutrient solution as well as by its initial reactions. The 
general tendency toward increasing acidity, it appears, was due to the 
use of very young seedlings, most of the investigators cited having 
worked with seedlings of more advanced age than those used here. In 
its present phase, however, this investigation deals primarily with the 
causes of which the changes under discussion are the result. 

Very little work has been done to determine the causes of the changes in 
reaction which occur in nutrient solutions under the influence of growing 
seedlings. Arrhenius (i, 2 ) assumed that these changes are due to root 
excretions which are regulatory and adapt the reaction of the medium to 
the needs of the plant. He did not, however, bring any evidence to 
support this assumption. His finding that the reaction of the soil in 
immediate contact with roots is different from its average reaction in the 
same vicinity does not prove that the change is due to neutralization. 
Selective absorption, which is the alternative, would explain the observa- 
tions just as well. 

Breazeale and Le Clerc (j), and Hoagland ( 6 ) also, concluded on the 
basis of chemical analyses that the changes of reaction produced by 
growing seedlings in the medium of growth are due to selective absorption. 
There is, however, some question as to the reliability of direct chemical 
analysis in dealing mth the minute quantities involved, for instance, in a 
change from' Pg 5.6 to Pg 6.8,, as 'was the case in Hoagland'*s experiment. 
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EXPERIMENTAL WORK 
PROCEDURE 

An indirect metLod was used in this investigation. Only two explana- 
tions of the changes which take place in media under the influence of 
growing seedlings seem possible — ^neutralization by root excreta and 
selective absorption. 

In the case of neutralization, the effect produced by the growing^seed- 
lings should be independent of the kind of acid used, as long as the initial 
hydrogen-ion concentration and the dissociation constants are the same. 
In the case of selective absorption, however, the effect of the seedlings 
in decreasing acidity should depend upon the chemical composition of the 
acid used. For instance, it would seem that, other factors being equal, 
the rate and absolute quantity of diminution in acidity will be greater in 
solutions of nitric acid than in solutions of hydrochloric acid, since nitro- 
gen is a more essential element of plant food than chlorin. Accordingly, 
seedlings were grown in solutions of several acids of definite initial 
hydrogen-ion concentrations, and the changes in active acidity of these 
solutions were compared at intervals. It is assumed that the principles 
which govern hydrogen-ion concentration phenomena are essentially the 
same in solutions of pure acids and alkalies as in more complex nutrient 
solutions with an acid or alkaline reaction. 

Only distilled water solutions were employed, as tlie use of nutrient 
solutions with the acids would have led to complications likely to in- 
terfere with a clear interpretation of the results. For instance, Conner 
and Sears (4) added hydrochloric, nitric, sulphuric, and phosphoric acids, 
respectively, to a Tottingham solution. As this solution, contains phos- 
phates, the addition of a strong acid would naturally cause liberation of 
phosphoric acid to an extent corresponding to equilibrium relations. 
Consequently these authors investigated largely phosphoric acid. 

Another source of complication resulting from the use bf a nutrient 
solution in this connection would be the change in its composition caused 
by the feeding activities of the seedlings, with the resulting establishment 
of new equilibria between the elements. Using the present method, 
practically only two factors need to be reckoned with — the seedlings and 
the kind of acids. 

^ PREPARATION OP WATER CULTURES 

Wheat seeds were germinated on large perforated aluminum disks 
floating in tap wato, and the seedlings were grown there until they were 
about 2 inches high. Glasses of approximately 225 cc. capacity con- 
taining tap water were covered with paraffined paper perforated with 
holes smaller than the size of average wheat seeds. The rootlets of the 
seedlings were then introduced through these holes into the glasses, so 
ttatthe seeds and plumules rested' on the paraffined paper without com- 
ing: in contact with the liquid media. The seedlings were grown in tap 
water for a1x>ut two days to allow good root development and then for a 
day in distilled water before they were finally transferred to the experi- 
mental solutions. , 

'' "Wkm plants grow in the soil, the seeds are in '"contact' with the^ same 
medium as the ' seedlings, and they may participate in the changes in 
reaction produced in the medium. , In fact, Rudolfs (9) found that 
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tmgermmated seeds changed the initial reaction of single salt solutions. 
As it was the intention to limit this study to the changes produced by 
the metabolic processes of gro\wng seedlings, however, this procedure, 
by which the prevention of contact between seeds and the experimental 
solutions was assured, seemed best. This procedure also made it pos- 
sible to grow more seedlings in a single culture than the cork method 
generally used in studies of this nature. 

CHANGl^S OF REDACTION IN SOLUTIONS OF VARIOUS ACIDS 

The salts of the inorganic acids selected for this experiment are com- 
monly found in soils and are used as fertilizers. The elements which 
enter into their composition have various functions in plant life and are 
present in different quantities in plant substance. Their quantitative 
order is: Nitrogen, phosphorus, sulphur, and chlorin. Functionally, 
chlorin is considered the least important- A certain number of organic 
acids were used for the sake of comparison. The experiment was run in 
duplicate. Samples for analysis were pipetted out through a hole made 
in the paraffined paper cover. The Pj^ values were determined colori- 
metrically. The checks usually were very good. The figures in the 
tables represent in the majority of cases averages of two determinations. 
Five seedlings per culture were used in this experiment. The initial 
reactions of the acid solutions were 4 and Pjj 3. 

Of the inorganic acids with an initial Pjj value of 4, nitric acid 
decreased most in acidit}?^ (Table II). The differences involved were 
small but consistent, and reappeared when the solutions were renewed. 
The value of Pjj 5, obtained twice in the nitric acid solution, indicates 
that practically all the acidity attained by the addition of the acid was 
eliminated, as the untreated distilled water used had an acidity of about 
Ph 5.3, owing to the presence of carbon dioxide. The results with the 
inorganic acids of the initial 3 series are inconclusive, owing to the 
small size of the changes produced, which makes the observations more 
subject to experimental error. 

Tabl35 II . — Changes of reaction produced hy growing wheat seedlings in solutions of 

acids 



Reaction of solution having an initial Pk of 4- 

Reaction of 
solution 

Acid, 

After 

X day. 

After 
a days. 

After 

3 days. 

After 

TO days. 

having an 
initial ,Pk 
of 3 after 

9 days. 

Hydrochloric. 

P jj. 


Fjr* 

P JBT- 

Pjs. 

4- 50 

4.70 

04.6s 

*'4-50 

■ 3.0 

Nitric 

4.70 

5.00 

a 4. 90 

&5. 00 

3-1 

Sulphuric ■ 

4 - 6s 

4*70 

® 4 - 70 

* 4-75 

3 * I' 

Phosphoric. ’ 

4.60 

4. 80 

^4. 80 

■ &4.7O 

3 - I 

Formic ' 

4-65 

26. 10 

ro 

■ 6. 40 

■ 6.4 

Acetic. 

4. 20 

4.50 

5 - 55 

6.50 

3. I 

Oxalic . 

4. 80 

10 

10 

! 6. 40 

6.4 

Succinic ; 

4.00 

4 - 4 ® 

4.90 

6,40 1 

' ' , 3 - ® 

Benzoic. 

4. 00 

4. 20 

''A * 95 

"6,45 i 

, 3.0 

Phthalic.' 

1 

4. 00 

,■'4- .,00' 

4-60 

, , 4. 50 '! 

■3-0 


o Solution renewed after this reading was obtained, -.i* 'Seven-day contact. ® One-day contact. 
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"The changes which occurred in the organic-acid solutions may have been 
due partly or wholly to microbiological activity, as it was impracticable 
to keep the solutions sterile. However, oxalic and formic acids, which 
have the highest dissociation constants, were acted upon to a greater 
extent than the other organic acids, especially those in the Ph 3 series, 

BPmCT OF NUMBEJR OF SEFOniNGS ON CHANGE OF REACTION 

In order to bring out more clearly the differences in the behavior of 
the individual acids, the foregoing experiment ^ was repeated, using a 
larger number of seedlings. It was run in duplicate and in two series, 
one with lo and the other with 20 seedlings per culture, and was confined 
to the inorganic acids. 

The relative behavior of these acids (Table III) was the same as in the 
previous experiment. In a general way the rate of response was pro- 
portional to the number of seedlings with both of tlie initial reactions. 

In the 20-seedling series, with an initial value of 4, the difference 
in behavior between nitric acid and the other acids appeared only after 
the solutions had been renewed twice. At this period, however, the 
difference between the decreased acidity of the nitric-acid solution and 
that of the other acids was much more pronounced than in the previous 
experiment* 

In the solutions having an initial Ph 3 value, nitric acid was again 
more affected by the action of the seedlings than the other acids. Nu- 
merically the changes in total values and the differences are small, but 
quantitatively they are larger than those which took place in the solu- 
tions with the initial Ph 4 value. Taking the hydrogen-ion concentra- 
tion of pure water as a unit, as suggested by Wherry and Adams (12, jj), 
the decrease in acidity, for example, from Ph 3 to 3.1 would constitute 
a loss of 2,000 units per liter, while the entire decrease in acidity from 
4 to 7 would be only 1,000 units. The fact that losses in acidity desig- 
nated by the same Ph numerals vary in actual magnitude, depending 
upon the Ph range in which they occurred, is not always realized. Thus, 
Conner and Sears (4) believed that greater decreases in acidity were 
produced by growing seedlings in solutions of phosphoric acid with an 
initial hydrogen-ion concentration of Ph 3.9 and 4.2, which were re- 
duced to 6.3 and 6.4, than in solutions of the same acid with an initial 
hydrogen-ion concentration of Ph 3.2 and 3.6, which came down, to 
3.5, and 4.1. Actually, however, the case is just the reverse. Figured 
on the same basis, the first two transformations involve losses of 1,245 
and 625 units, while the last transformations involve losses of 3,150 and 
1,700 units. 

Nevertheless, it is significant that, while in the solutions of the lower 
hydrogen-ion , concentrations in these experiments, as well as in those of 
Conner and Sears (4), the acidity originally present was practically 
exhausted, in the case of the higher concentrations the action of lie 
se^iin^ seemed to have stopped while appreciable amounts of acid were 
still left in the solutions. But the seedlings also lost their power to reduce 
aridity in the solutions of the lower initial hydrogen-ion concentrations 
of these experiments when they were renewed several times. Evidently 
there^are cainin limits to '.the absolute quantities of acid upon which, 
smiling can act. Within these .limits, however, nitric acid was more 
subject^than the other acids to that action of the seedlings which is 
rroponsible for decreasing acidity. 



TablS 111.— Effect of number of wJwat seedlings on change of reaction produced in inorganic acid solutions 
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EFFECT OF PREVIOUS TREATMENT OF SBEDTINOS ON CHANGES IN 

REACTION OF ACID SOLUTION 

The behavior of seedlings which had been gro\m previously in. a 
complete mitrient solution, as compared with that of seedlings which 
had previously been grown in incomplete nutrient solutions, defective 
in chlorin, nitrogen, sulphur, and phosphorus, was studied. For 
instance, the seedlings which %vere to be grown in a 'solution of hydro- 
chloric acid were first grown in a nutrient solution which was lacking in 
chlorin. 

The nutrient solution used was diluted five times. The defective 
solutions were made up so that they differed as little as possible from the 
complete solution, except for the missing element. The seedlings were 
divided into two series : One series was growm for five days in the com- 
plete nutrient solution, and the other in the defective solutions. All 
seedlings were then grown for a day in distilled water and finally trans- 
ferred to the acid solutions with an initial reaction of Pu 4. After the 
changes for two successive days had been recorded the acid solutions 
were renewed and the changes in values were again recorded after 
a one-day and after a three-day contact. All seedlings were then trans- 
ferred to the complete nutrient solutions diluted 10 times. Here they 
grew for two days, after which they were transferred to the complete 
and defective nutrient solutions, diluted 10 times. Two days later they 
were transferred to the acid solution with the initial reaction of 3.6,, 
in which they were kept for three days, when the changes in reaction 
were again recorded. 


Tabi^E IV . — Effect of complete and incomplete nutrient solutions in which seedlings had 
been previously grown on the changes produced in inorganic acid solutions ^ 


Acid. 

Previous condition of 
solution. 

Reaction. 

After I 
day. 

After 2 : 
days. ^ \ 

After 3 
days c 
(i-day 
contact). 

After s 
days 
(3-day 
contact). 

1 

After 12 
day.s 
(3-day 
contact). 

HydrocMoric 

Nitric. 

Sulphuric 

Phosphoric.. 

/Gomplete 

iComplete— Cl 

/Complete .......... 

t Complete— N. ...... 

IComplete 

(Complete— S. ...... 

IComplete 

iComplete- P 

^ M ' 

4-65 
4, 60 
4. 60 
4-55 
4 * 65 
4- 65 
4, 70 
; 4, 60 

1 

: 

[ 4.90 

4 - 70 
' 5 - 10 

1 4 * 70 

; 5*40 

i 4*95 
' S -50 

1 4. 80 

[ , i 

4-45 i 
4.50 

; 4. 50 

4. 60 

4-45 
4, 50 
4. 60 
4. 65 

4. 85 : 

4*65 1 
4.85 j 

4 - 70 
4. 85 
4.65 

5 - 15 

i 4 - 70 1 

! 1 

Ph* 

4. 25 
3 * 95 
3 ‘ 95 
3 - 85 
4. OO' 

3 * 

5* 20 
4. OO' 


« Initial Ph 4.0; nmnber of seedlings, 15. 

^ So-ltstions renewed after these readings were obtained. 

e ah sellings were held in complete (1:10) solution for 2 days, then for 2 days in complete and defective 
f and were then transferred bach: to acid' solutions with an initial reaction of Ph 3.6. 

The results (Table IV) show that the previous growth of the seedlings 
in a complete nutrient solution did not affect their activity, so far as 
their .ability to lower the initial hydrogen-ion concentration, was con- 
cerned, The previous growth of the seedlings in defective solutions, for 
the^ purpose of creating an avidity for the elements of tlie acids with 
which they were subs^uently to be brought in contact, resulted, con- 
trary, to exp'ectation, in a depressed activity with reference to" changes 
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in reaction of the acid solutions. . This is shown by the three final read- 
ings (before solutions were renewed or discarded) which give consistently 
higher acidities for the seedlings grown previously in defective nutrient 
solutions. The defectiveness of the previous nutrient solution evi- 
dently created in the seedlings some functional disturbance either 
general or with reference to their behavior toward the elements lacking. 

The most significant result obtained in this experiment, however, is 
that in the case of the older seedlings nitric acid had ceased to be affected 
by the action of the seedlings to a greater extent than the other acids. 
Its place was taken by phosphoric acid, as was shown by the three final 
readings in the series which had been grown in the complete nutrient 
solution. ' 

The initial acidity of phosphoric acid solution was reduced from 
3,6 to Ph 5.2 in the final reading, a reduction which is strikingly greater 
than any obtained in the case of the other acid solutions. The differ- 
ences in the behavior of the various acids were thus brought out more 
distinctly. The preference of the seedling for the different acids was 
also shomi to vary with the conditions and with the stage of growth. 


EFFECT OF AGE OF SEEDLINGS ON CHANGES IN REACTION IN ACID 

SOLUTIONS 


The effect of the age of seedlings on their behavior toward nitric and 
phosphoric acids, which was unexpectedly brought out by the previous 
results, w^as studied further. 

The usual procedure was followed. After the seedlings had been 
transferred to glasses and grown in tap water for three days, the roots 
were kept in contact with distilled w'ater for two hoin-s. The seedlings 
were then divided into two series. The seedlings of the first series were 
transferred to the acid solutions immediately. The seedlings of the 
second series 'svere transferred to the acid solutions 'when 15 days old, 
after having been grown for 10 days in the nutrient solution diluted 
five times. The initial reaction of the acid solutions used was Ph 3.6, 
which was more suitable than -the initial reaction of Ph 4, as the initial 
acidity was thereby increased 250 per cent and the changes produced 
were more pronounced. 


Table V. — Effect of age of seedlings on changes produced in inorganic acid solutions^ 


Reaction. 


Acid. 


Hydrochloric. 
Nitric d. .. .. .. 
Stiiphtiric. . . , 
Phosphoric. . , 
Hydrochloric. 
Nitric. ■. . . . 
Sulphuric. . . 
Phosphoric. . 


Initial 
age of 
seed- 
lings. 

After 

I day. 

After 
a days.& 

After 
a days 
(2-day 
con- 
tact). 

After 

6 days 
(4-day 
con- 
tact). 

After 
11 days 
(i-day 
con- 
tact), 

After 
13 days 
(2-day 
con- 
tact).c 

After 
17 days 
(is-day 
con- 
tact). 

After 

20 days 
Cs-day 
con- 
tact). 

Days, 

Pf. 

Pir. 

Pb. 

Pb. 

Pff. 

Pb. 

Pb. 

Ps"* 

5 

4‘ 05 

4. 00 

3.6 

3. 70 





5 

4.40 

5 * ; 

4-3 

4, 70 





5 

3 - 90 ! 

4. 10 1 

3 * 6 

3*65 





5 

4. 15 

4*45 i 

3-9 

3 - 95 





15 


i 


...... 

4. 80 

3 - 90 

4. 00 

4 - 3 S 

15': 


1 i 



' 4-75 

4. 00 

4. 20. 

4. 60 

■ 15 





i'' 4-90 

3 * 9 <^ 

4.30 

4 - 5 0 

IS 





: 3, 20 

4- 2,0 

1 4 - 45 ; 

i 


Initial Ph, 3.6; number ol seedlings, 20. 

^ Solution renewed after these readings were obtained. , . ' : , 

c Transferred to complete nutrient solution (1:5) for 2 days and then back to acid solutions- 
^ Initial Ph, 3.5. 
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The results (Table V) show again and more clearly ^at the preference 
of the seedlings at an early stage of growth is for nitric acid and at a 
later stage for phosphoric acid. The age factor in this experiment also 
includes' the factor of previous mineral nutrition. As a rulCj however^ 
the two are inseparable, as age in the sense of advanced stage of growth 
c an , not be measured merely by the number of days which elapse from 
the time of germination., 

DISCUSSION OF EXPERIMENTAL RESULTS 

The fact that the activity of seedlings in decreasing the initial acidity 
of the medium is preferential, resulting in the greatest decrease in acidity 
in one acid at one set of conditions and in another acid at another set 
of conditions, indicates that the cause of these changes is preferential 
absorption by the plants. 

The term '‘preferential absorption’’ seems more appropriate here than 
the commonly used term “selective absorption.” “Selective absorp- 
tion” might imply that some substances are excluded, while “preferential 
absorption” indicates merely a higher rate of absorption of one substance 
as. compared with that of another. 

If the changes in the initial reaction of the acid solutions were a result 
of neutralization bysecreta from the roots, they would be expected to 
be controlled by the active acidity factor only, and different acids with 
the same initial hydrogen-ion concentration and the same dissociation 
constants would behave alike. If the preferential action of the plants 
were in favor of nitric acid throughout, reduction by microorganisms 
might have suggested itself. It has been shown elsewhere (4), however, 
that the possibility of nitrate reduction is eliminated under the condi- 
tions of these experiments. But the fact that the preference of the 
older seedlings is for phosphoric acid lends additional strength to the 
absorption theory, which is further supported by the fact that in plant 
life nitrogen and phosphorus are, at least quantitatively, the most essen- 
tial of the acid-forming elements dealt with in this investigation. 

SUMMARY 

Wheat seedlings were grown in solutions of hydrochloric, nitric, sul- 
phuric, phosphoric, formic, acetic, oxalic, succinic, benzoic, and phthalic 
adds. The changes in reaction product by their growth, recorded at 
certain intervals, show that: 

Of the inorganic adds, the greatest changes were produced in nitric 
acid at early stages of growth of the seedlings and in phosphoric acid at 
later stages. Phosphorus and nitrogen being the most essential elements 
of plant growth contained in the acids used, it may be concluded that 
the^ changes in initial reaction produced by plants in the medium in 
which they grow are due to absorption rather than to neutralization. 

^ The previous growth of the experimental seedlings in nutrient solu- 
tions deficient in add-forming elements ' diminished their ability to 
decrease the acidity of the acid solutions. Apparently the deficiency 
of' the previous nutrient solutions produced functional disturbances in 
the seedlings. 

The greatest changes from the initial, reactions were produced in the 
solutions of the_ organic adds. This, however, may have been due' partly 
cr wholly to microbiological activity and needs to be studied further. 
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THE NUTRITIVE PROPERTIES OF WILD RICE {ZIZANIA 

AQUATICAY 

By Cornelia Kennedy 

Assistant Chemistj Division of Agricultural Biochemistry, Minnesota Agriculiural 

‘ Experiment Station 

INTRODUCTION 

Wild rice, a cereal which is distantly related to the cultivated rice, is 
an annual grass growing in shallow lakes and sluggish streams over a 
widely extended territory in North America. It is used rather exten- 
sively as a food by some of the Indian tribes of the upper Mississippi 
Valley and, to a more limited extent, in hotels and in private homes 
during the game seasons. It also serves as an important source of food 
for wild water fowl. 

Eight years ago the Division of Agricultural Biochemistry undertook 
an investigation of wild rice, both because the cereal grows quite exten- 
sively in Minnesota and because it was desirable to ascertain its food 
value in order to determine whether it was advisable to improve the 
methods of its cultivation, harvesting, curing, and marketing, so that it 
could become of agricultural importance. At that time, as at the present, 
practically no means were employed to preserve the natural rice beds or 
to plant the rice in new localities, and the methods of harvesting and 
curing were very crude and wasteful. 

Wild rice usually matures in the latter part of August or in September 
after the first frost. Shortly before this time the Indian harvesters go 
into the rice beds and tie the standing stalks into small bunches; then, 
when the grain is sufficiently matured, they return in their canoes and, 
holding the bunches over their boats, knock the ripened kernels into the 
bottoms of the boats. Only about 50 per cent of the ripe grains fall into 
the boats, the rest being lost in the mud of the lake. 

Since the rice is gathered before it is fully ripened, it must be cured or 
artificially ripened. This process also aids in removing the tenacious hull. 
The grain is cured, (i) by the sun, (2) by smoke and heat from a slow fire 
under the rice, which is spread on a framework above, and (3) by parch- 
ing or popping in a metal vessel. After drying, the hulls are threshed 
off either by treading or by striking with paddles. The hulls are finally 
blown off by the wind or with a fan. Such is the primitive method used 
by both the Indian and the white man to gather and cure the rice.^ 

CHEMICAL ANALYSIS OF WILD RICE 

When this investigation was begun, in 1915, the biological method 
for the analysis of a foodstuff was unknown. Later, when this method 
of appraising the value of foods had developed, the investigation was 


^ Accepted for publkatioii July ii, 1923. Published with the approval of the Director as paper No. 39S, 
Journal Series, Minnesota Agricultural Experiment Station. 

* A general description of wild rice, its habitat, production, etc., is given in A, E., the wild rice 

GATHERERS OR THE UPPER LARES. In 19th Ann. Ept Buf. Amcr. Ethnol. <1897^8), pt. 2, p. 1013-1137. 
illus., 190a A brief account of the plant, its culture, etc,, is found in Chambliss, C. E., wild rice. 
U. S- Dept; Agr, Circ.,229, 16 p., iliusw, xgaa. 
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expanded to incltide a biological analysis of the wild rice. The first part 
of the investigatioB was therefore confined to the chemical ^composition 
of the cereal. Four samples of rice were secured for analysis, two being 
obtained in the local markets and two direct from the Indians in the 
region of the Minnesota rice lakes. Three of these samples were of quite 
uniform appearance, consisting of slender cylindrical kernels varying 
from, one-half inch to nearly one inch in length, and were of a dark slate 
color. The remaining sample (No. 2) was quite different in its physical 
appearance, the kernels being very long and thick, and many of the 
grains being parched to such a degree that they resembled puffed cereals. 

Table I shows the results of the analysis of the four samples of wild 
rice, and, for comparison, an analysis of a polished and an unpolished 
cultivated rice. It is seen that the proportions of protein and soluble 
carbohydrates in the wild rice are considerably greater than in either 
sample of the cultivated variety. The soluble carbohydrates of the rice 
are probably formed in large measure during tlie parching process which 
is common!}?' used in removing the hulls. The ether extract of the wild 
variety is approximately double that of the polished cultivated rice, 
but considerably less than that of the unpolished cultivated variety. 
Much of the embryo is doubtless removed in the wild rice by the parching 
process to which kernels are subjected in order to remove the hulls, but, 
since the parching process is not at all uniform, the embryo is not entirely 
removed^ as it is in the polishing of the cultivated rice. 

The amount of inorganic material is considerably higher in the case 
of the wild rice than in that of the cultivated rice. Table II shows the 
distribution of the inorganic elements in the ash of the two varieties. 
For comparison, an analysis of dried skim milk is also included in this 
table.. 

Tabi.b L — Comparison of chemical composition of Amid rice and cultivated rice 


Sample No, 

1 

Moisture. 

Ash. 

Protein. 

Ether 

extract. 

Fiber. 

Starch. 

Soluble 
carbohy- 
drates as 
dextrose. 


Per cent. 

Per wnl. 

Per cent. 

Per cent. 

Per cent. 

Per cent. 

Per cent 


7-74 

I. 09 

13- 36 

0 - 4 S 5 

1-39 

6$. 26 

2. 98 


7- 85 

1.38 

13* 97 

•893 

I. 43: 

61. 69 

3.69 

...........j 

8-93 

I. 17 

1 14. 62 

.718 

F 94 

60, 47 

2 - 33 


7-83 

I. 25 

' 14. 40 

-658 

' ■ ' I. 29 

62, 03 

2. 93 

Cultivated ■ unpol- 




i ^ 




ished rice 

12. 22 

I. 01 

I 5 * 04 

2- 01 

I. 08 

69. 50 

^85 

Cultivated polished 



1 . 





rice 

12.^0 

.40 

!■ ■' ■ '8: 0 

• 30 

. 20 

7Q. 00 

1 






11. --^Dutrihution of inorganic elements in 'wild and cultivated rice in comparison 
with dry skim milk 


Substaacw comimred. i 

Ca. ■ ■ ■ ; ■■ Mg. 

K. 

Na. 

P. 1 

s. 

Wild rice.. 

Cuitivatfid poHriied rice, ., ...... 

Dry sHiu milk. 

Per cent. ; Per cent. 
0.018 1 O..080 , 
a QoS j a 027 

1. 33 i 0. 147 

Per cent. 

0*055 
; 0. 06 9 

1. 27 

Per. cent. 
0. 064 
0.021 
0. 488 

Per cent 
0. 424 
0. 102 
0. 979 

Per cent. .. 
0. 252 
0. loS' 

0 - 3 S 7 
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As the' composition of the inorganic matter of milk is adequate to meet 
the needs of die growing animal, it is readily seen that both varieties of 
rice have very inadequate amounts of the essential ash constituents. 
This point will be discussed further in connection with the biological 
analysis of the rice, 

BIOLOGICAL ANALYSIS OF WILD RICE 

Since it is now recognized that a chemical analysis of a foodstuff is very 
inadequate for judging its food value, the investigation of the wild rice 
also included a biological analysis. From this analysis it is possible to 
compare the value of this cereal with that of many of the cereals in 
common use, and thus evaluate it as a food product. 

The method of procedure was that commonly used when it is desired 
to determine the deficiencies of a single foodstuff. Rice was fed, with no 
additions; and when it became evident that growth could not be induced 
on such a food, additions of known purified food constituents were made 
singly and in groups until a food was produced which gave satisfactory 
growth. The results of this procedure make it clear that the dietary 
properties of wild rice are much like those of our common cereals, but 
somewhat better than those of polished rice. 

The wild rice used in the feeding experiments was obtained in the 
local market, ground to a fine meal, and fed, both unmixed and with 
certain additions, to young rats weighing from 70 to 80 gm. The rats 
were kept on sawdust bedding in clean, well-ventilated cages. The 
efficiency of these different rice rations in promoting growth in the rat 
is set forth in figures i and 2. 

The ration of the rats of Lot i (fig. i) consisted of wild rice with no 
additions. This proved to be an entirely inadequate food, for the greater 
number of animals in this lot constantly lost weight, and by the end of 
the third week were in an extremely emaciated condition. 

The first addition that it seemed advisable to make was that of in- 
organic constituents, since the chemical analysis of the rice had shown it 
to be very deficient in the mineral elements essential for growth. As 
the ash analysis of the wild rice (Table II) did not differ greatly from 
that of polished rice, the same salt mixture that McCollum and Davis ® 
used mth polished rice was added to the cereal. This salt mixture con- 
sisted of sodium chlorid 5 parts, dipotassium phosphate 12.1 parts, 
monocalcium phosphate 2.56 parts, calcium lactate 29.44 parts, and 
ferric citrate I part. , 

The ration of the rats of Lot 2 (fig. 1) contained 4 parts of this salt 
mixture and 96 parts of wild rice. Although the addition to the in- 
organic content of the ration greatly improved the growth of the rats, 
this growth was still far from normal. It is interesting to compare these 
growth curves with those obtained by McCollum and Davis on a ration 
consisting of polished rice with the addition of the same salt mixture in 
the same proportion. Their rats not only failed to respond to this 
addition but steadily lost weight, thus indicating that the cultivated 
polished rice is more deficient in necessary food constitaents than the 
wild variety. . , , 

fMcQocum , E. V., and Davis. M. mn nature. oP teE'dietarv bbmciencies of rice, 

Biol. "Chem., V. 23> P- 195. 1915. 

^ McCosxum. E. V., and Davis, M., OF. ax., p, 195, 
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As it was evident from the growth curves of this lot that the rice- 
salt diet was inadequate to promote normal growth, vitamin A was 
added, for the reason that cereals as a class are deficient in this factor. 
A ration consisting of wild rice 91 parts, salt mixture 4 parts, and butter 
fat 5 parts was fed to the rats in hot 3 (fig. i). The addition of the 
butter fat made a great improvement in the rice-salt ration, as almost 
normal growth was obtained for a period of two months and pregnancy 
was secured twice in the case of one individual. However, the rats of 
the first litter were all bom dead, and in the second pregnancy the rat 
died before the young were bom, autopsy showing nine fetuses at term. 



Fio, t.— -Rate of growtii of rats on rations consisting of wild rice alone and wild rice with various additions. 

4 - indicates death of rat 454, ]Lot 4; y==youngv 

This result, together with the fact that none of the growth curves in 
this group approached the normal after the second month, showed that 
the' ration ' was stilt deficient. Nevertheless, comparison, of these growth.. 
ctmys with those of McGollum and Davis, ^ rats on a similar ration con- 
taining polished rice shows that ' the wild rice with the addition of proper 
quantities of "salts and butter fat is a much better ration, than polished 
rice with the same additions.. The 'growth curves of 'Lot 3 indicate that, 
the^ proteins and the quantity of vitamin B are fairly adequate, 'because 
if either one or the other or. bo'th' were deficient, such' 'good growth could 
not have been; attained. . ' 


V.,.and Davis,. M.. op. cit., p. 199. 



Jan. 26, 2924 


The Nutritive Properties of Wild Rice 


223 


' Considering that many of the cereals not only are low in inorganic 
constituents and vitamin A but also have proteins of poor quality, casein 
was the next addition made to the rice-salt- vitamin A ration. The new 
ration, consisting of wild rice 86 parts, salt mixture 4 parts, butter fat 
5 parts, and casein 5 parts, was fed to the rats of Lot 4 (fig, i). The 
addition of the casein allowed the rats to ^ow normally, although repro- 
duction and rearing of young were not satisfactory.. Each of the females 
had one litter, but out of a total of 29 rats in the second generation only 
3 could be reared to 
adult size, the other 
26 either being born 
dead, dying shortly 
after birth, or being 
destroyed by the 
mother. 

The three rats of 
the second generation, 

Lot 5 (fig. i), had a 
total weight of 147 
gm. at the end of the 
fifth week, when they 
were weaned and 
given the mother’s 
ration. For the first 
four weeks their 
growth was normal, 
but after this period 
growth was . much 
below normal. This 
failure to grow nor- 
mally was probably 
due to the fact that 
the rats had a lung 
infection which was 
manifesting itself in 
our rat colony at the 
time, although it 
might have been due 
to a dietary deficiency 
which prevented nor- 
mal development in 
'■ the second generation. 

The excellent results obtained by the addition of the small amount of 
casein showed that the protein of the wild rice was not wholly adequate 
for growth, and in fact was probably the only other factor deficient in 
the cereal. The two additions already made, inorganic salts and vitamin 
A, with the further addition of protein, make wild rice a food better 
suited to promote growth than the same additions to polished cultivated 
rice. Thus, McCollum and Davis ® found that the addition of 2 per cent 
of casein to a ration consisting of polished rice, salt mixture, and butter 
fat did not lead to growth, but that growth was greatly stimulated by 
the addition of wheat embryo. ■ The growth curves of their rats,’’^' whose ,: 



Fig. 2. — Growth curves of rats, illustrating the effect of additions of 
vitamin B to wild rice rations which had been modified by casein, but- 
ter fat, and mineral salts. 4 - indicates death of rat 395, not 6;,y denotes 
yotmg. 


®McCollom, K. V., and Davis, M., op. cit., p. 200. 
McCoi.li 7 m, E. V., and Davis, M., op. ot., p. 191, 223. 
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ration consisted of polished rice 64 parts, casein 13.4 parts, salt mixture 
2.4. parts, butter fat 5 parts, agar 2 parts, and dextrin 13.2 parts, carrying 
the extract of 5 gm. of wheat embryo per 100 gni. of mtion, were no better 
than the growth curves of the rats of Lot 4 of this -experimeiit,, whose 
ration contained but 5 per .cent of additional protein and no addition of 
vitamin B. ■ ■ 

Although cereals contain an abundance of vitamin B, it was thought 
that wild'rice might be deficient in tliis factor because the parching pro- 
cess, often used to remove its hulls, might also char the embryo, which 
is prob.ably the principal source of this vitamin. A different series was 
canned out, tlierefore, along the lines described in connection with Figure 
I, using wild rice as before, with butter fat and casein, but with the addi- 
tion of' the alcoholic extract of 15 gm. of wheat embryo to each 100 gm. 
of ration. The same salt mixture was fed as before. The results of 
these feedings are graphically represented in figure 2 . 

The ration of Lot 6 (fig. 2) consisted of wild rice 91 parts, salt mixture 
4 parts, and casein 5 parts. The rice carried the alcoholic extract of 
15 gm. of wheat embryo per loo gm. of ration. The failure of these 
rats to grow normally was due to the absence of vitamin A, 

The ration of Lot 7 (fig. 2) consisted of rice 91 parts, salt mixture 4 
parts, and butter fat 5 parts. As before, the rice carried the alcoholic 
extract of 15 gm. of wheat embryo per 100 gm. of ration. This addition 
of the vitamin B preparation was made to ascertain whether the ration 
of Lot 3 (fig, i) was deficient in this factor. The addition caused no 
improvement. This result, together with the fact that excellent growth 
was obtained when casein was added to the ration of Lot 3, producing 
the result shown in Lot 4, proves that wild rice contains an adequate 
amount of vitamin B for growth. 

The ration of Lot 8 (fig. 2) consisted of rice 86 parts, salt mixture 4 
parts, butter fat 5 parts, and casein 5 parts. Again the rice carried the 
alcoholic extract of 15 gm. of wheat embryo per 100 gm. of ration. This 
ration was fed in order to find out if the ration of. Lot 4 (fig. 1) was 
deficient in \dtainin B. As no better growth was obtained, it can be 
concluded that the ration of Lot 4 is not deficient in this factor. It 
was unfortunate that the experiment had to be terminated before repro- 
duction occurred. 

CONCLUSIONS 

(1) Wild rice is not an adequate food. 

(2) Although chemical analysis shows a higher percentage of protein 
present than in many cereals, \dld rice resembles many other cereals in 
containing proteins of rather low biological value. It further resembles 
other cereals in containing inorganic material unsuitable for the promo- 
tion of growth, and in being very deficient in vitamin A, although enough 
■of this vitamin is' present to prevent xerophthalmia. 

(3) Wild rice has a greater food value than the cultivated polished rice, 
because its proteins are of better quality and because it contains adequate 
amounts of vitamin B for animal growth, which is not true of the polished "': 
cultivated rice. 



A BACTERIAL BLIGHT OF GLADIOLI ‘ 

By Bucia McCulloch 

Assistant Pathologist, Laboratory of Plant Pathology, Bureau of Plant Industry, United 

S ia ies Deparim eni of A gricu liure 

INTRODUCTION* 

In the summer of 1922 a disease that was causing serious injury to 
the leaves of gladioli was reported by a large grower of these plants in 
the Middle' West. The disease if present at all in previous years had not 
attracted attention. 

In 1923 in the same fields, and especially in poorly drained areas, 
the disease appeared on some young stock and a large number , of these 
plants were destroyed. However, the infection abated rather suddenly 
and caused no further damage. Occasional cases of infection were 
noted on tlie older stock. 

In early September '(1922) when the affected fields were examined 
by the writer, the leaves had a distinctly burned appearance. Closer 
olDservation showed them to be variously spotted, browned and ragged. 
Many leaves were heavy and stiff with adhering soil particles. 

Young stock appears to be much more susceptible to this disease 
than mature plants. Of 16 varieties studied in the field, the young 
stock of 15 varieties tvas severely attacked, while mature plants of the 
same varieties showed only slight spotting or no infection. One exception 
was noted, mature plants of the variety Schwaben were nearly as badly 
infected as the young stock. On the contrary, no trace of this disease 
was found on either young or mature plants of the variety Mrs. Frank 
Pendleton, although these were growing in the same fields and under the 
same general conditions. 

Microscopic examination of the discolored areas on the leaves revealed 
great quantities of bacteria in the tissues. 

In a search through the literature of plant diseases, no description 
has been found that resembles this blight of the gladiolus and at present 
this mid-west farm is the only locality known to the writer where the dis- 
ease occurs. But since it is a serious menace to gladiolus culture and may 
be present elsewhere, it seemed worthy of further investigation. Careful 
observations were made in the fields and considerable material was 
collected for study. During the succeeding months experiments on plants 
in greenhouses and in outdoor beds and studies in the laboratory have 
established the following facts concerning the disease. 

Lesions are first visible as narrow, horizontal, water-soaked spots 
(PI. I, A) ; the later progress of the infection is mostly in a longitudinal 
direction so that the spots become more or less regularly formed squares 
or rectangles (PL i, C and E). Adjoining lesions unite until often the 
entire leaf from the tip to the base is involved. This widespread infection 
of the leaf is most noticeable in the young stock. All parts of the leaves 
of blooming stock are also subject to attack, but the infection is quite 


* Accepted for public^ition , Bee. 14^ 1923. ■ 
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often found only on tlie middle area of the leaf. As seen in fresh, 
material j these spots are translucent and watersoaked. ^ In reflected: 
light the color is a very dark green; in transmitted light it is a bright 
green. The translucency of the spots is permanent, but when old and 
dry the colors are various shades of brown. 

Considerable quantities of a bacterial -exudate flow from the affected- 
tissues. In quiet, dry ah' this exudate forms slender, twisted white 
columns 2 to 10 mm. long. Under moist conditions it forms a viscid filmt 
over the leaf. When dry it may be a thin, brittle layer or jt may occur in 
the form of numerous small droplets. Wind-blown soil, tiny insects,, 
and various small particles become embedded in this exudate, often in 
sufficient quantities to cover the leaf surface. The exudate seems to be 
composed entirely of bacteria; it dissolve readily in water and doubtless 
is a factor in the dissemination of the disease. 

The name Bacterium gummisudans proposed for the causal organism of 
this disease, was suggested by the copious exudate from the lesions. 

ISOLATION AND REINFECTION 

Yellow, viscid bacteria were repeatedly and easily isolated from the 
lesions and from the exudate, and numerous inoculation experiments have 
proved these bacteria to be the cause of the disease. 

From lesions produced by pure culture inoculations the organism was 
reisolated on agar-poured plates and with subcultures from single colonies 
typical reinfections were obtained. Repeated experiments in inoculating, 
reisolating, and reinfecting leave no doubt either as to the cause of the 
disease or as to the genera! character of the lesions. 

Young plants grown from cormels were readily infected. Older plants 
were more resistant. Of six varieties of mature plants used for inocula- 
tion experiments, Schwaben was the only one that became generally 
infected; Mrs. Francis King was very slightly infected. On Mrs. Frank 
Pendleton no infection occurred. These inoculation results agree with 
the field observations in regard to relative susceptibility of young and 
mature plants and of varieties. 

Iris, hyacinth, and barley w’ere inoculated but no infections resulted. 

MORPHOLOGY 

The organism is a short, actively motile rod, occurring singly and in 
pairs in the host and in most culture media. In beef bouillon it forms 
long chains. It measures when stained with carbol fuchsin i to 2.8^ by 
0.6 to o.Sju; no spores have been seen. Capsules are formed on beef 
peptone agar and on potato dextrose agar. The single polar flagellum is 
3 to 9|i long. The flagella were demonstrated by the use of Casares-Gil’s 
staiiflng method. It is Gram-negative and not acid-fast. 


CULTURAL CHARACTERS 

^ On peptone beef ^ agar the colonies are pale yellow (amber yellow ^) , 
circular, transparent; the surface is smooth and the interior has con- 
centric striations (PI. 2, F). With age the ^owth becomes less trans- 
parent and the striae disappear. Buried colonies are oval to spindle-shape 
and.have definite margins. , 

s AH the beef media' in thk were made from fresh beef iafusioa with addition of i per cent. 

„I>dropeptonecorrectedto+i4to+i8FtilIer’sscaIe(.PH6.8to6.4). 

_ Robert. ■ coi.oR standards ai<jd color nomenclature. 43 p., S3 col. pi. Washington,,, 
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Beef bouillon clouds only moderately but forms a thick, yellow rim and 
a thin pellicle. The rim and pellicle are extremely viscid. The growth is 
viscid in most media but especially so in beef infusion peptone media. 

Liquefaction of gelatin is not rapid at 18 to 20^^ C. Colonies on plates 
showed first signs of liquefaction on the fifth day. In stab cultures the 
upper fifth of the medium was liquefied by the seventh day. Blood serum 
becomes translucent and partly liquefied. 

On potato cylinders the growth is pale yellow and abundant, usually 
covering the cylinder and filling the water with a thick growtli. The 
potato is slightly browned. 

A slight acidity is produced in milk cultures. A soft, smooth curd 
forms, but it is rapidly and completely digested. As the casein is digested 
the medium becomes translucent, but the translucency is obscured by the 
4 large quantity of almost opaque, viscid substance that practically fills 
the medium. Heavy, yellow, viscid rims and yellow^ sediment develop 
in milk cultures. Tjnosin crystals are formed. 

Litmus in milk is slowly reduced. 

No gas is formed from dextrose, saccharose, lactose, maltose, galactose, 
or glycerin. Slight amounts of acid are produced in cultures containing 
dextrose and saccharose. With lactose and glycerin the reaction is 
consistently alkaline. 

Growth is scanty in Cohn's and Uschinsky’s solutions; scanty and 
fugitive in Fermi’s solution. 

Ammonia and hydrogen sulphid are produced in cultures. Several 
tests for indol have given negative results. Controls of B. coli gave positive 
indol reactions. 

Nitrates are not reduced. 

Sodium chlorid is not well tolerated, i per cent definitely reducing 
growth, and no growth occurring above a 2 per cent concentration. 

The optimum reaction for growth in peptone beef bouillon is -f 14 to 
+ 17 (Pn 6-S to 6.5).'^ Even under only slightly adverse conditions 
growth is slow, and no growth occurs if the media is much below or 
above the optimum. For example, in one of the experiments for the 
determination of the thermal death point, peptone beef bouillons titrat™ 
ing -f6, +10, 4-15, and -f 17 (Ph 7.6, 7.2, 6.7, and 6.5) were used. All 
four were made from the same beef infusion stock. The tubes had the 
same amount of inoculum, and the heating tests were simultaneous. 
Cultures in +15 and -{-17 survived higher temperatures than those in 
+ 6 and +10. In the controls growth was retarded in the +6 and 4- 10 
and never became so heavy as in the 4-15 and 4-17 media. The mini- 
mum is at o (Ph 8.2), the maximum at 4-25 (P^ 5.7). 

The toleration of organic acids was tested by adding o.i and 0.2 per 
cent, respectively, of citric, malic, and tartaric acids to a neutral bouillon 
base. The bacteria grew normally in the o. 1 per cent acids ( 4 - 15, Ph 7*o) 
and not at all in the 0.2 per cent (4-27, P^ 5.7). 

TEMPERATURE RELATIONS 

In beef bouillon the optimum temperature is near 30'^ C. ; the minimum 
is below 2®. Growth begins but does not continue at 36°. The thermal 
death point, is near 50°. 

^Quirk. Agnes, J.. and Fawcett, Edna H. hydrogen-ion concentration vs. titratabee actoity 
IN 'CDLTU,RE M,E0RJMS. /« Jour. Infect. Diseases, v. 33, p. .30. 1923. 
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DESICCATION 

The majority of young cultures dried on cover glasses were dead inside 
of 24 liourSj and all within 3 da^’^s. 

The bacteria were easily isolated from dry leaves up to 10 days after 
collection. After 10 days’ diwing, success in isolation was infrequent. In 
onfy I case out of 14 w^as the organism recovered from leaves dried as 
long as 2 months. 

Exposure to sunliglit for 15 .minutes killed 100 pet cent of the or- 
ganisms. 

RELAX! QN TO HOST TISSUES 

Microscopic examination of the lesions shows that the organism attacks 
the parenchyma. The intercellular spaces and the cavities formed by 
disintegration of cell walls become packed with the bacteria. , 

For a study of the early stages, material was secured from plants in- 
oculated b'3^ spra3diig vdth pure cultures of the' bacteria suspended in 
water. As soon as infection was evident the tissues were collected and 
fixed. Stained sections of this material show that the bacteria enter by 
way of the stomata (PI. 2, B and E). In the earliest stages the bacteria 
are found onlj?' in the stomatal chamber, from which they spread into 
and fill adjoining intercellular spaces. That some chemical change 
occurs at this stage in the cell walls adjoining the masses of bacteria is 
evidenced by their increased -affinity for stains. Whether they are later 
dissolved or only crushed b}" pressure and so changed chemically as to 
be vague and doubtful is not yet determined, but cavities occur and be- 
come e.ntirely filled with the parasite. In lesions of considerable size no 
definite cell- wall structure remains in the central space. In some large 
cavities the bacteria are arranged in layers (PI. 2, A). 

COMPARIvS'ONS WITH SOME .SIMILAR BACTERIAL DISEASES 

The translucency of the lesions and the yellow color of the bacterial 
growth suggested that this leaf spot might be identical with some pre- 
viously described bacterial disease on monocotyledons. However, care- 
ful comparisons show that Bacterium gummisudans has characters that 
separate it from the several organisms that it, to a certain degree,' re- 
sembles. Bacterium iranslucens Jones, Johnson, and Reddy ® and Bac- 
terium transhicens var. imduiosMm Smith, .Jones and Reddy,®’® causing 
disease, -on barley and wheat, respective.iy, are unlike Bacterium gum- 
misudans in cultural characters in several media and in the consistency 
of the bacterial growth. . Moreover, Bacterium gummisudans does not in- 
■feet grains. Four varieties of barley were used in the inoculation ex- 
periments. ' Several tests were made, but no infections resulted. ' Control 
inoculations on gladioli gave typical infections. Aplanobacter raihayi 
and Aplanobacter agropyri O’Gaxa® (on western wheat grass) 
are nonmotile organisms, while Bacterium gummisudans is a motile or- 
ganism,. 


R,.. JoHNSO'N, A. G.,, and REuny, C- S. BACrE'RiAL-BUGHT OF BARLB'Y. In Jo'Hr. Agr. Re- 
searcra,,'V, is, p,, 695-644, a fig., pL B (col.), 4r'49- I9i7* 'Xriteratu.re cited, p. 643. 

,, Erwm F., Jokes, r, R.„ and Red-dy, C. S.. ' the bback chaff of wheat. In Science, n. s., 

,S«>v ,48. . 1919. 

Erwin, F.; -bacteria ik rei,atiok to peant -msEASEs, v. 3, p. ,'155-160, "Washington, D. O. 
1914* (Camegre Inst. "Wash. Pub. 2,7,.) , , 

a ^ wmormemm to bacterial diseases of plants, fig. ■12-23. Philadelphia and .London, 

1920. 

. *P'GARA, F. J. , A BACTEBLAL ©tSEASE OF WESTERN WHEAT GR.\SS, AGROPYBON 'SMITHII, In P'hvto- 

p»tholo«r. Y. 6, p, 341-350, pL 9"I3. '1916. . . , ■ 
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TECHNICAI. DESCRIPTION 

Bacteriiiin gtimmistidans^ n. sp. 

A sliort rod, rounded at the ends, individual rods i to 2.8/1 by 0.6 to 0.8/i, motile 
by means of one polar flagellum 3 to 9/1 long, capsules present, no spores; aerobic. 
A yellow, viscid growth is formed on culture media; nitrates are not reduced; casein 
in milk is digested; gelatin is liquefied; acid is formed from dextrose and saccharose; 
ammonia and hydrogen sulphid are produced; optimum temperature about 30*^ C., 
maximum 36°, minimum below 2°; thermal death point near 50®. Sensitive to 
sodium chlorid and to acids; readily killed by drying and by exposure to sunlight . 
Gram-negati ve ; not acid-fast. Group number 2 11.2322523. 

Pathogenic on leav^es of gladioli forming more or less angular, translucent sj^ots. 

Type specimens have been deposited in the herbarium of the Bureau of Piarit 
Industry, United States Department of Agriculture. 

SUMMARY 

The bacterial disease described in this paper is capable of causing 
serious injury to the leaves of the gladiolus and consequently it inter- 
feres with the development of the corms. 

The lesions are more or less angular, translucent spots. From the 
infected tissues there is a rather copious and viscid exudate which when 
dry forms a thin, brittle layer, or small drops over the surface. The 
leaves are often coated with soil particles which have become embedded 
in the exudate. 

The bacteria are very abundant in. tfie infected areas and pure cultures 
are easily isolated. On culture media this bacterium produces a yellow, 
viscid growth. It is motile, having one flagellum; capsules are present; 
no spores. It is Gram-negative and not acid-fast. The group number 
is 211-2322523. 

Numerous inoculations resulting in successful infections have proved 
that the bacterium isolated from Ihie leaves is the cause of the disease. 

The organisms gain entrance to the- tissues by way of the stomata. 
They invade the parenchyma and fill the intercellular spaces and cavities 
resulting from destruction of cell walls. 



PLATE I 

Bacterium gummisudans on gladiolus 

A. —Early stage of the bacterial blight, showing the water-soaked, horizontal lesions. 
Natural infection. Xi. 

B. — ^Artificial inoculation i 8 days after inoculation. Photographed by transmitted 
light. Xi. 

C. — Artificial inoculation showing the dry exudate on the lesions. Xi. A, B» 
and C are leaves from “seedling” plants. 

D. — Leaves from blooming plants (var. Schwaben) showing general appearance 
in the field. Natural infections. X1/2- 

E. — Leaf from seedling plant (var. &hwaben). Natural infection. Xi. 

(230) 




Plate I 


Journal of Agricultural Research 


Washington, D. C, 





PLATE f 

Bacierium gummisudans on gladioltis 

A. — Lesions showing bacteria arranged in layers in the central cavity and also in 
the cells x and y where a part, at least, of the cell wall still exists. 

B. — Early stage of stomatal infection. Only a few bacteria are in the stomatal 
chamber and the adjoining intercellular spaces. X about i,ooo. 

C. — Capsules. Bacteria from a 4-day beef agar culture. X2,ooo. 

D. — Flagella. Bacteria from 2-day-old beef agar culture. Casares-GiTs stain. 
Bacteria are viscid and it is difficult to get an even distribution of single rods. X2 ,500. 

E- — Later stage than B. Bacteria in great numbers have penetrated widely into 
the intercellular spaces but the cell walls are as yet only slightly affected. 

F. — Surface and buried colonies on beef agar plate (3 weeks old). The surface 
•colony shows the characteristic striations. X5. 
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THE BLOOMING OF WHEAT FLOWERS' 

By C. E- Weighty and W. J. Sando, Agronomists, Office of. Cereal Invesiigaiions, 
Bureau of Plant htdustry, United States Department of Agriculture 

INTRODUCTION 

The time and manner of blooming of wheat flowers is the result of the 
interaction of internal and external factors. When flowers have reached 
the blooming stage, the exact time and rate of blooming is determined 
to a large extent by meteorological conditions. 

The observations on wheat flowers reported in this paper were made 
primarily for the purpose of procuring additional information on the 
effect of external factors on blooming. 


METHODS AND MATERIALS 


The plants on which most of the observations were made were volun- 
teers growing in a garden in Washington, B. C. They were of the Fultz 
type (Triiicum vulgare)^ having the following characters : Plant, winter 
habit; spike, awnless; glumes, glabrous, white; kernels, red, soft. More 
than 400 flowers in seven heads on four plants, which began to bloom at 
about the same time, were chosen for observation. Additional observa- 
tions were made on plants growing in the field and in the greenhouse at 
Arlington Experiment Farm, Rosslyn, Va. 

A plane view diagram of a wheat head illustrated by figure i shows 
the method used for recording the data. In figure i, the rectangular 
spaces inclosed by solid lines represent the odd-numbered spikelets 
found on one side of a head, numbering from the base of the head, and 
the rectangular spaces inclosed by dotted lines represent the even num- 
bered spikelets found on the opposite side. The spikelet number is 
shown within the large square located in the middle of each rectangular 
space. The numbers in the small squares adjoining the large square 
indicate the alternate position of each flower on the spikelet from the 
lowest to the highest. The exact time of blooming was recorded in the 
spaces opposite the flower number. 

Flowers blooming cleistogamously were recorded as “dehisced inside."' 
Blank spaces indicate sterile flowers. On spikelets 6, 7, 12, and 13, of 
head No. 4A (see fig.' i'), fifth flowers bloomed but were not included in 
the data. 

The seven heads chosen were- watched continuously for six days, with 
the exception of a short period each night between 10 p. m. and 1.55 
a. m. when little active' blooming occurred,, and the exact time of bloom- 
ing of practically all flowers,; was' recorded. , Observations at'' night were 
made with the aid of a small electric flash light which was directed on 
the flowers at various intervals long^ enough only to , procure 'the necessary 
inf ormation ' foT'' record.,',, ,, 


1 Received for putalmtion,- i3*- 3:9»3-.: 


Joiintai' of,, AgHcipil,tiijraI: 
WasMngtO'n. D. C. 


(23*) 


VoL xxvn,. No.'y 
Peb. 2-. 

Key No. G-sds', 


74024 — 21—1 






1.,' B'iagram o£ wheat. ’head No. 4A, showing , the.,, method used for 
recording the data on time ol blooming of the different dowers. 
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Immediately after recording the time of blooming of a flower^ the 
empty extruded anthers were removed with forceps in order to facilitate 
observations and to prevent confusion in recording the data. Great 
care was required in this procedure since the slightest jarring or touching 
of a head while blooming is likely to hasten tlie opening of the flowers. 
A flower was considered as having bloomed as soon as noticeable separa- 
tion of the lemma from the palea occurred. 

THE BLOOMING PROCESS 

Under favorable conditions the wheat flower blooms by opening its 
glumes, slowly at first, then more rapidly, until the tips of the lemma 
and palea are separated, usually 3 or 4 mm. After the glumes open, 
the anthers are pushed upward by the elongating filament and when 
fully extruded assume a pendent position. At some time during these 
processes the anthers dehisce apically along the lines joining the cylinders 
into pairs. This splitting may take place in one or more anthers by 
the time they are first clearly visible, while in others it may be delayed 
until the time of full extrusion. A number of flowers were observed 
whose anthers were completely extruded and pendent before dehiscence 
occurred. Some flowers were found which had retained within their 
glumes one, two, or three anthers, quite often lodged in tlie folds of the 
palea. Other flowers w^ere found with anthers partially protruded and 
imprisoned between the tips of the glumes. The greatest length of 
filament observed was 10 mm., exclusive of the anther, which was 3 
mm. long. In one instance a filament w^as observed to attain its full 
length of 10 mm. in 10 minutes. Askenasy (i)^ measured a number of 
filaments of wheat and rye flowers. He states that in most cases the 
filaments have grown from i to iX ^nm. per minute. 

Very soon after full extrusion, and assisted by the inversion of the 
anthers, the pollen is fully emptied from the andier sacs. Some of it, 
probably at least one-third, usually falls within its own flower, resulting 
in plentiful pollination of the stigma. The remaining pollen is scattered 
about and may fall upon the stigmas of other flowers. Cross pollination 
apparently is sometimes effected in this way, especially when the anthers 
of neighboring flowers have been removed, as shown by Leigh ty and 
Hutcheson ( 8 ) , or have aborted. 

When conditions are unfavorable for the opening of the glumes, the 
anthers of the wheat flower shed their pollen and effect fertilization 
without being extruded, or they may be extrudec| only at the tips» 
Nearly 5 per cent of the flowers, or 19 out of a total bf 406, under obser- 
vation in this study, behaved this way. Eacii of the heads under 
observation had one or more such cleistogamous flowers, the maximum 
number on any head being six. Kernels were procured from all of 
these flowers. Under'' certain environmental conditions wheat'' flowers 
may be quite generally cleistogamous. 

TIME REQUIRED 

The process of bloomng. of wheat flowers is variable.. Some flowers 
have been observed to. open '' in less than ,i minute. " Others require 
'3',,niinutes ' or ''more. '" 'Observations on'- the,' time' elapsing .betwe^en' 'the'; 
beginning of "opening -and 'the; time at which,, the ' anthers; : attain' the 


* Reference 'is made :by number (italic) to literature dted,** '.p.' 244- 
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pendent position following their complete extrusion from the glumes 
were made on 25 flowers at different hours of tlie day favorable for 
biooming. The time required for the anthers to assume the pendent 
position varied in these 25 flowers from i minute 40 seconds^to 5 minutes 
25 seconds, and' averaged 3 minutes 36 seconds. The time required 
depends on (i) the position of the head at the time of the protrusion of 
the anthers, (2) the resistance o'ffered by the glumes, (3) air movement, 
(4) temperature, and (5) rainfall and humidity. 

The time elapsing betw^een the opening and closing of the glumes of a 
flower was found to vary from 1 1 to 66 minutes. Frequently difficulty 
was experienced in determining the exact time when the glumes were 
closed completely, for sometimes anthers or filaments became lodged 
obscurely betwreen, the glumes in such a way that complete closing was 
prevented. Table I shows the duration of blooming of 25 flowers, with 
their location on the spike. The average duration was found to be 
26.5 minutes. ■ 


TABtE I . — TtTm of opefiing and closing and time elapsing between opening and closing 
of 2 S flowers, with head number , position of s pikelet on the head and position of the 
observed flowers on the spikelet 


Head 

ttujaber. 

spikelet 

number. 

Flower 

number. 

Time of opening. 

Time of closing- 

Time 

between 

opening 

and 

olositig. 




X 922 

X922 

Minutes^ 

2D 

17 

I 

S- 5 S P- m-. May 14.. . 

6.18 p. m., May 14- . . 

23 

3C.. 

10 

I 

5.28 p. m.. May 14.. . 

5.41 p. m., May 14. . . 

13 

3 c.. 

16 

I 

5,29 p. m., May 14.. . 

5,40 p. m., May 14. . . 

II 

4 A 

22 

I 

6-15 p. m., May 15.. . 

6.36 p. m., May 15. . . 

21' 

4 'A.' 

22 

2 

4.50 p. m., May 14.. . 

5.20 p. m., May 14.. . 

30 

4 A 

17 

2 

12.45 p, m., May 15.. . 

r.io p. m., May 15. . . 

25 

4 A....... 

II 

2 

12.28 p. m., May 15.. . 

12.50 p. m., May 15. . . 

22 

4 A... . . . . 

12 

2 

10.26 a. m., May 15.,.. 

10.45 m., May 15.... 

19 

4 A:...... 

20 

I 

4.43 p, m., May 14.. . 

5.10 p. m., May 14. . . 

27 

4 A... V. . . 

10 

I 

5.33 p- m., May 14.. . 

6.15 p. m., May 14. . . 

42 

5 C 

15 

I 

5.07 p, m., May 14.. . 

5.40 p. m., May 14. . . 

33 

sc....... 

II i 

2 

2.25 p. m., May 15.. . 

2.4s p. m., May 15.. . 

20 

sc....... 

13 ! 

I 

5.07 p. m., May 14,. . 

5.40 p. m., May 14. . . 

33 

SC....... 

,5 i 

I 

1.39 p. m., May 16.. . 

2.15 p. m.. May 16.'. . 


sc....... 

8 

2 

8.21 a. m., May 16.... 

8.50 a. m., May 16.... 

29 

SC. 

14 : 

I 

5.30 p. m., May 14.. . 

5.50 p. m., May 14... 

20 


13 

I 

5.30 p, m., May 14... 

5.5s p. m., May 14... 

25 

7D...... 

7 

I 

7.49 a. m., May 16.... 

8.55 a. m., May 16.... 

66 

7 D 

18 

' , 2 

^34 a. m., May 16.... 

9.15 a, m., May 16.... 

41 

8 

17 

I 

10.27 ^3y 15.... 

10.45 May 15.... 

18 


^3 

/■I, 

9.30 a. m., May 15.... 

10.00 a. m., May 15.... 

30 

8 B.,. 

' 16 

: I 

10.27 a. m., May 15.... 

10.48 a. m,, May 15.... 

■ 2X 

8" B. ...... 

■ 12, 

, . I 

8.13 a. in., May 15.... 

8.29 a. m., May 15.... 

' 16 

SB....... 

■ 10' 

1' 

10.27 a. m., May 15..., 

10.48 a. m., May 15..., 

21 

S'B'.. 

, 8 

.1 

10.27 m., May 15,... 

10.48 a. m., May 15,... 

'2X 






26. * 







Ejrchner (5) and Koemicke and Wertier (7) state that under favorable 
conditions wheat flowers remain open for about a quarter of an hour. 
According to Knuth (d) both Rimpau and Delpino found that each 
flower remains open only about 15 minutes. Fruwirth (2) states that 
the flower is closed usually in 12 to 20 minutes, sometimes 8 to 35 minutes, 
from the beginning of opening. Obermayer (9) records the duration of 
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blooming under most favorable conditions as 13 to 18 miiitites, but states 
that it sometimes is completed in shorter periods, even as low as 2 or 3 
minutes, while under less favorable conditions and in the early morning 
it requires from 25 to 32 minutes. The average duration is 22 minutes. 

Percival (10, p. I22~i2g) states that the time taken in opening , and 
closing completely varied from 8 to 30 minutes or more, the average 
being 20 minutes, while Hays (4, p. jo) says, *‘The floret (of wheat) 
usually opens about dawn, and closes again within an hour/' 

PERIOD OF BLOOMING 

Flowers were observed blooming during various hours of daylight and 
darkness. is hereafter referred to as a 24-hour period;, ^ ^day- 

light/ ^ the period from sunrise to sunset; ^Twilight,^^ the combined 
periods of approximately 1 hours each before sunrise and after sunset. 
^ "'Night” includes the remaining portion of a day not previously desig- 
nated. The division of the day into these periods was based on the 
time of sunrise and sunset (Table II) kindly supplied by the United 
States Naval Observatory at Washington, D. C. 

Of the 406 flowers observed, 6.9 per cent bloomed at night; 6.9 per 
cent during twilight, and 86. 2 per cent in the daylight. The total num- 
ber of flowers blooming on each head and the numbers blooming in each 
period of the da}^ during the complete period of anthesis are shown in 
Table III. 


Table II. — Time of rising and setting of the sun at Waskington , D. C., May 14 ia ig, igsi 



May 14. 

May 15. 

May 16. 

May 17. 

May 18. 

May isK 

Sunrise, a. m 

Sunset, p. m — 

4-56 

7.12 

4-55 

7-13 

4.54 

7.14 

4*54 

7-15 I 

4.53 

7.16 

1 ' 4.52 

j ' 7 -"1 7 


Table HI. — Total number of flowers blooming and numbers blooming during stated 
periods of the day, during the complete period of anthesis, on each of y heads of wheat 


Number of flowers blooming. 


Head No. 

Total. 

In day- j 
light. { 

'In twi- 
light. 

In night. 



59 

52 

4 

, 3 

3C 

52 

•42 

4 

■' 6 


75 

1 62 

9 

' '"4 

sC 

41 

■ 3'7 

' .1 

■ : " 3 

6C i 

51 

, 47 

2 

■ „ 2 

7E 

SB - 

, 53 

47 i 

3 

' ' ' '3 

75 

'63:1 

: 5'^ 

,' ' 7 

• Total'.. ' 

406 

350 1 

28 1 

, 28 

Per 'Cent 

, XOO' 

86.,2 

, ' 6.,9 

'6.9 


;■ The fa,ct ':th,at most of the flowers under observation bloomed in day- 
light does .not' 'mean,, necessarily, '■that '.light is,": essential for' blooming. 
'As shown"' elsewhere in this paper.,, ...wheat. :floW'ers "kept 'iia a' dark room 
bloomed .completely and in the same manner as flowers under natural 
conditions. ' Alth,ough no .data' are." at."- hand, it is probable tiiat mght 
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blooniitig might be considerably more abundant than it was in this 
experiment under certain environmental conditions. 

the effect on, blooming of the duration of the daily illumination period, 
or of changes in the duration of this period, was not determined. It' is 
known from other studies, however, that many varieties of wheat will 
bloom and mature in less time after planting when subjected to a long 
daily illumination period as compared with a shorter period. 

According to Godron (3) wheat flowers open at 4.30 a. m. when the 
temperature is at least 16° C., with blooming ending at 6.30 to 7 o’clock. 
Rimpati (ii) states that imder favorable conditions blooming begins 
at 4.30 a. m. and occurs during various periods of the day. He reports 
that , he observed open flowers after 6.45 p. m., but does not mention the 
latest hour at which blooming was observed. Koernicke (7) states that 
open flo-wers may be observed at all hours of the day, the earliest around 
5.45 a. m., the latest at 8.30 p. m. Friiwirth (a) observed flowers bloom- 
ing during the day from 4.30 a. m. to 7 p. m. under favorable conditions. 
Obermayer (p) found that blooming began even before 5 a. m. and con- 
tinued throughout the day, with a small number blooming after 7 p, m. 
Salmon (la), describing conditions in western South Dakota, says: 
'‘It is exceptional to find wheat in bloom after 7 a. m, under normal 
conditions.” 

OnOER OF BECOMING 

Table IV shows the positions on the head of the first live flowers bloom- 
ing on each of the seven heads studied. On five of the seven heads the 
first flower bloomed in the lower half of the uppermost third of the head; 
on one head, in the upper half of the middle third; and on another head, 
in the upper half of the uppermost third. 

Friiwirth (a) states that the first blooming occurs between the middle 
of the head and the top of the middle third. Percival (jo, p, laa-iap) 
says that the position of the first flower to bloom is generally in the middle 
third of the head, usually in the upper part. Godron (3) found that the 
first flower bloomed below the upper third of the head. Rimpau (ii) 
states that the first flower began to bloom at a point two-thirds to three- 
fourths of the distance from the base of the head. 

Table V shows tlie position of the last flower observed to bloom on 
each head. On heads not included in this study flowers in the terminal 
spikelet have occasionally been seen blooming before those in spikelets 
located in the upper third of the head. 


Tabi^E IV.— Number of spikelets in each of seven wheat heads and position of the 
spikehts\ numbered in order from the base of the spike, in which were located the first 
five and ike last blooming fiowers, with flower number of last flower 


i 

Head No. 

Total 
number 
of spike- 
lets, : 

Position number of spikelets where occurred 

1 blooming of first five and last flowers. 

Num- 
ber of 
last 
flower. 

ist. 

3 d. 

sd. 

j 4th. 

1 

sth. , 

East,. 

2 B, ' 

20 

16 

14 

1 

1 ' 

1 

20 ' 

17 

1 

5 ' 

■ 4 

3. ....... ....... 

18 


^5 

14 

12 

1 ' ,ir 

3 

'' 3 

..... ....... 

i, . , ' 22 . 

20 

■ '22 

10 

2:1, 

9 

3 

'4 

sC......................... . . 

18 

,.,I2 

.- ' ^5 


" 'II '' 

' ',14 

9 

" ■\ 3 '. 


19 

16 

■■■ '..3:4 ! 

" ' ^ 

., .12',' 

'."."'13', 

4 -' 

3 

7 . i...'.. .1 

21 

, 15 

17 1 

'■ ', 14 , 

13 

16 

, 8 

3 

S'.B. ... .. i 

23 


. 12 , ; 

II 

" ' ' .^3 

9 

2 

, 2 
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Considering the head as a whole, the flowers above the first flower to 
bloom completed their blooming before those situated below this flower. 
From 8 to 60 per cent of the flowerS' below remained unopened at the 
time those above had finished blooming. 

The lowest flower in the spikelet usually blooms first, and the other 
flowers of the spikelet bloom in order from lowest to highest on, succes- 
sive days. ■ A few exceptions were found, however, where flowers failed 
to behave in this manner (see fig. i, head 4A, spikelets 11, 12, 13, and 
17). A number of instances were found where two flowers in the same 
spikelet bloomed on the same day. Complete data on these flowers is 
shown in Table Y. In all, 39 such instances were recorded. The aver- 
age time which elapsed between the blooming of the two flowers in the 
spikelet was nine hours and four minutes. 

TabIt:^ V. — Location, hy spikelet and flower number, of two flowers in the same spikelet 
which bloomed on the same day, with ike hour of each blooming and the interval 
between these bloomings 


niower number and hour of blooming. 

ist. 

2d. 

3d. 

4th. 

8.43 a m. . . 

8.^0 p. m 



7.^'> a. m . . . 

2.42 p- ^ 





8.27 a. m 

c.AC p. m 1 


8.20 a. m 

o.ic p. m 


8.43 a. m 

a rn - , . - 

■2. AC Ti- m 


1 

6.12 p. m 


1 

10,16 a. m — 
a. m . 

7 .CC D. m 


! 

4.29 p. in. .... 


i 

8.30 a TU - . 

A. 20 n. m 



4,08 a. m 

2.^^ t), m 


...J 

8.56 a. m 

7.10 p. m 

! 

■ ‘ 

8-T-7 a. m. . . 

6.08 p. JH 



a tn . . 

TO. 26 a. m 



8. 30 a m 

? , T? T). m 




8.21 a. m. 

0.40 D. in, . . 


a tti 

c? TV m 




6.^ c TV tn. _ 




5-10 p- m. - . - 



^^23 a, - 

7 .c 6 a. m. . . . . 

8.28 p. m 


9,18' a. in 

2 . 4 ^ T). m . . . , . 




j'Oo F* ‘ -1 

3.09 p. m 

2.35 p. m. .... 

a m . 

8.30 p. m 



8.1^^ a. th . . . 

4.07 T>. m 



*7 An a TTi 

F* 

^.T*? TV- Tn - 



ir.i2 a. m. .. . 

*r* F . . . . 

8 . 41 wl 



7.44 a. m. . . . . 

<.07 p. in 


7,51 a. HI. . . . . 

C.A4 B. in 



8.02 a. HI. . . . . 

F 

A.C2 T>. in. . . 



8.09 a.' m. , . . , 

^ O'* F • * ’ 

C .04 m 



A , 0 a m 

0 *'^a F‘ 

5 cn TV m 



y-o ; jr- 

.5 Q.4A a, m 

8.26 p. m 





.... 

10.27 a. m — 

r TC TV m 



0* •‘•A F’ • 

c.TC r» TTt 




F' ' • * ' 

2 38 p Tn 



9.30 a. m 

S-X 5 p' m. ... . 



, .10-20 a. m. .. . 
10.27' a, • 

c.ic B. tn. .. . . 


■ ■ ■; i 

F* ***••,*• .* 
6 /|8 p trt 



8 so p ■ TTI . ■ . . 


' 1 






Head 

No. 


2 D 

3C 

4A 

sC 

6 C 

7D 

8B 


Spike- 

let 

No. 


5 

6 
6 

10 

11 

18 

8 

9 

5 

6 
8 

9 
16 

6 

8 

10 
16 

6 

9 

10 

13 

3 

6 

7 

12 

23 

14 
16 

5 

6 

8 

9 

10 

11 

■ 12 

,^3 

14 

16 

■21 


Interval 

between 

bloomings. 


Hr. Mm. 

11 45 

6 so 

9 28 

12 55 

7 02 
II 27 

9 39 

7 14 

8 .. 
10 "25 
10 ' 14"" 


56 

16 

43 


9 

I 
6 

13 ig 

8, ,46 

10 21 

7 47 
12 32 

6 35 
II' 26 
3:5 43 

5 18 

8 28 
'9 ' ' ^9 

9 33 
9' ' 52 
8 50 

8 S4 

6 27 

10 42 

8 47 

6 ' 48 


7 45 
6 , 25 

7, 45' 
■6 55 
8 ' 21 ' 
,ix ' ,bS, 
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Percwal (lo, p, 1 22 - 1 29 ) states 'that the lowest flower of, a spikelet 
blooms firsts with the otliers following on successive days. Friiwirtli { 2 ) 
notes the exceptioti that 'the second flower, instead of bloorning on the 
next succeeding day, may sometimes bloom in the afternoon of the first 
day, while the remaining flowers may bloom on the following day or on 
the second day after the blooming of the second flower. 

More than half of the first or lowest flowers in all the spi,keiets on the 
seven heads under observation were observed to bloom before the second 
flower in any spikelet bloomed (Table VI), and about 85 per cent of ,the 
first flowers bloomed before any flower in the third position bloomed. 
Nearly two-thirds of the second flowers in turn bloomed before' the third 
flower in any spikelet bloomed, and a similar relationship exists in the 
blooming time of the third and fourth flowers. If the earliest blooming' 
of second, third, and fourth flowers in an^^ spikelet on a head is considered 
as marking off periods of blooming for that head, it is found that a part 
of the first or lowest flowers bloom subsequently to the opening of the 
earliest of the third flowers and even the earliest of the fourth flowers. 
Similarly, some of the second and third flowers will bloom after the first 
blooming of third and fourth flowers, respectively. The data on these 
periods in* the heads under observation are shown in Table VI, 

Tabi#B VI . — Relative period of blooming of the first to fourth flowers in the spikeleis of 

seven wheat heads 


Percentage of flowers in each position blooming in 
each period. 


Relative period of blooming. 



ISt- 

ad. 

3d. 

4 tb. 

Ail. , 

Previous to the first blooming of a second 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

flower. 

54.13 





27 - 74 

From the blooming of the. earliest second 




flower to ■ the blcximing of the earliest 
third flower 

30 . S3 

64.40 

. 

® I. 79 

29. 06 

From the blooming of the earliest third j 


flower to the blooming of the earliest | 
fotuth flower i 

10-53 

i 

27.97 

69. 70 


28. 57 

Subsequent to the blooming -of the earli- j 


est fourth flower . j 

4.51 

7-63 

30*30 

98, 21 

24.63 

i 

I 

100*00 

; 100. 00- 

i 

100. 00 '■ 

loa 00 

100. 00 


» One flower .only; disregarded in period detemiinatioas. 


The numbers of flowers that bloomed at the different hours of the day 
and ' night throughout the entire blooming periods of the seven wheat 
heads are shown in Table VII. Since the actual time of blooming. , of 
flow^ers was not observed between 10 p.,' m. and i.,55 a. m., all of the 
flowers blO'Oming between these -hours /are grouped and recorded as of 
thB perio'd. ' The , 'maximum' number of -.flowers blooming on , a, single' 
head in one day was 25. This occurred' on May 16, one of the most 
active blooming, days in the period-' of observation.,, Obermayer '(9) 
observed a maximum of 23;flowem.,on one head opening in -'One'.day. - . 

The - maximum number' of. -flo.wers'' 'blooming on a single ,, head in one - 
hour in this study was found to be th^^e being divided equally, 

between the two sides of the head. The blooming on all heads waS: 
completed within 102 to 123 hours. ' . 



TablM VII,’--Mumber and distribution per head of wheat flowers observed in the actual process of blooming between stated hotus on each day of the 

period of anihmis at WcLshington^ D. ig22. 
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MBTEOS.OLOGICAL RELATIONS 

The meteorological data used in this study are tliose for Washingtonj 
D. C.j and were procured from the United States Weather Bureau. 
That temperature, rainfall, and sunshine are intimately associated with 
the blooming of wheat flowers appears evident from a consideration of 
figure, 2. Temperature, however, seems to be the most important of 
the meteorological influences affecting blooming. The two days show- 
ing the most significant relation between temperature and flower bloom- 
ing are Ma}?* 15 and May 16, when almost perfect sunshine with no 
rainfall 'was registered. On these two days 60.8 per. cent of all the 
flowers bloomed. Maximum blooming occurred on May 15 and 16, 
when the temperatures were 76° and 78° F., respectively. Active 
blooming usually begins shortly after sunrise, on^ days with clear skies, 
and anthers in flowers opening on these days dehisce more rapidly than 
those in flowers opening on cloudy days. Cloudiness or rain has the 
effect of retarding blooming, principally through the lowering of the 
temperature to a point below the optimum for this process. On cloudy 
or rainy days, however, when the temperature is favorable for blooming 
the flowers either open incompletely or bloom cleistogamously. On 
May 18 flowers were observed opening in a drizzling rain and pollen 
was shed from the anthers. No flowers were observed to open at any 
time during a rain of such intensity as to permit droplets of water to 
adhere to lie glumes. 

Three periods of intense blooming were noted: (i) On May 14 
between 5 and 6 p. m., (2) on May 15 between the hours of 9 to 10 
a* m., I to 2 p. m., and 3 to 4 p. m., and (3) on May 16 between the 
hours of 9 to 10 a. m., i to 3 p. m., and 5 to 6 p. m. The weather 
conditions on May 15 and 16 were, very similar, and it is interesting to 
note the consistent correspondence of the three periods of intense bloom- 
ing on these two days. The single period of intense blooming on May 
14 apparently corresponds to the third period on May 15 and 16. On 
both the latter days a larger number of flowers bloomed in the second 
or middle period than in the first or third periods, which are of approx- 
imately the same intensity. The inteiwal between the first and second' 
blooming periods of these two days, is approximately twice as great as 
between the second and third periods. 

Friiwirth (a), of Austria, states that when the temperature at 4.30 
a, m. is above 14*^ C. the blooming begins at this hour. Many flowers 
bloom from this time to 5.30, while .from .5.30 to 9 the number is less. 
Very many bloom from 9 to, 10 a. m., while very few bloom from. 10 
a., m. to 2.30 p. m. ■ From 2.30 to' 3.30 p. m. the number again is large, 
while from 3.30 to 7 p. m. it again is small. , The ' principal blooming 
time of the morning, made up of a preceding and succeeding pe.riod 
of which the first or the second may be the stronger, is followed in the 
afternoon by a later blooming period which approaches in intensity the 
'■weaker .part of the morning blooming time. 

, On May 17, -when lower temperatures prevailed, the only period of 
intense blooming was between i.i' a. m,. and 12 -m,,' while on May iS 
two, periods occurred, one from 3 to 4 a. m. and- one from 10' to ii' a. m, 
The^ Intend'" blooming on May .14, . ,15, and 16 exhausted-' '.'.the- flowers 
available for blooming to such .an,', extent that with unfavorable, atmos-" 
pheric conditions" on:'theA7th and: iSth' (cloudiness, rainfall, '-fluctuating 
temperature) only irregular blooming occurred on these days. , -. 
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Oberaiayer (9), in Germany, reports that the most active blooming 
occurs in, the early moming from before 7 a. m. to ii a. m., followed by 
a marked decrease after ii a, m., and reaching the lowest point between 

I and 3 p., m. From 3 to about 7 p. m. blooming again increases, but 
reaches only about 60 per cent of the intensity of that between 7 and 

II a,, m. 

Ferdval (10. p. 122-129) y at Reading, England, observed intense 
blooming periods between 5 and 7 a. m., 9 and 10 a. m., 2 and 3 p. m,, 
and 8 and 9 p. m,. Shitkowa (ij), at Saratov, Russia, noted two active 
blooming periods at 5 to 7 a. m. and 5 to 6 p. m. Leighty and Hntche- 
son {8)y at two different places in' die United States, observed two 
intense blooming periods, one from 7 to 9 a. m. and another in the 
middle of the afternoon. 

The minimum temperature recorded during the whole experiment was 
55^ F., while the maximum temperature was 78° F. The lowest tem- 
perature at which blooming occurred was 56° F.; the highest, 78^^ F,. 

God,ron (5) states that blooming begins at 4.30 a. m. when the temper- 
ature is not below 16^ C. Friiwirth (a) says that blooming begins at 
4.30 a. m. when the temperature is above 14° C. Rimpau (ii) and 
Koemicke (7) found the minimum temperature at which flowers bloom 
to be 12^ and 13"^ C., respectively. Obermayer (9) observed blooming 
in a single strain of wheat toward 6 a. m. at 14^ C. in a thick mist and 
toward 7 a. m. at 1 5® C. in a mist and dropping rain. 

Of all the flowers whicli bloomed on six of the heads under observation 
80.2 per cent set seed, as is shown in Table VIII. The seventh head was 
destroyed by birds before harvest. The percentage of flowers setting 
seed in the four different positions in the spikelet, is largest for the first 
or lowest position, nearly all of these flowers producing kernels. The 
percentage decreases from the lowest to the highest position, little' 
difference existing, however, between those in first ' and second 
positions. 

ADDITIONAL OBSERVATIONS 

The following observations were made separately from those reported 
in the preceding part of this paper: (i) "^^eat heads on plants grown 
Jn the field, whi^ were completely, submerged in water from several 
days before blooming until complete maturity of the heads, were found 
to open their flowers apparently in the same manner as under normal, 
unaltered conditions, with the exception that the filaments did not 
elongate nor did the anthers d^isce. Flowers under these circumstances 
remained open for several days. 

(2) Plants were placed in a 'light-tight' (dark) room at a temperature 
between 60*^ to ^o"^ F. for one week at the time of blooming. The flowers 
on, the heads bloomed completely under .these conditions in' approximately 
.the same length ' of time as under normal conditions. Flowers were 
.■observed with glumes' as widely separated in the dark as in- the daylight, 
under favorable temperature conditions." .■■ 

(3) In a ^ greenhouse, at a tem.perature of' 5,5*^ to '56® F'V flowers were 
obs^ed with their glumes sep,ayrated/.3; mm.'' (The greatest separation 
under normal conditions was found" previously to be ,4; mm.) Movement ' 
of the anthm was easily ob^rved at this-''' temperature., ^ .IJ^en'the tern'" 
perature was gradually lowered, exteitision of the filament was retarded, 
so that at a temperature below.' 55'^' ■'■F. 'no ."perceptible further'' ''movement 
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was detected, and the anthers appeared to remain stationary, but pollen' 
was discharged at as low a temperature as 52° F. 

The maximum temperature at which flowers "were observed opening 
in a greenhouse was 80° F. 

Table VIII . — Numbers of flowers blooming and kernels produced in different positions 

in tke spikekis ok six wheat heads 


I^ation in spikelet. 


Head No. 

ist flow^. 

2d flower. 

3d flower. 

4tli flower. 

Total. 

Number of — 

Number of — 

Number of — 

Number of — 

Number of — 

III 

PM -a 

Kernels 

ob- 

tained. 

riowers 

bloom- 

ing. 

Kernels 

ob- 

tained. 

Blowers 

bloom- 

ing. 

Kernels 

ob- 

tained. 

Flowers 
bloom- 
ing. ■ 

Kernels 

ob- 

tained. 

Flowers 

bloom- 

ing. 

Kernels 

ob- 

tained. 

2D 

18 

w 

18 

18 

16 

14 

9 

5 

61 

S 4 

C 

17 

16 

17 

17 

15 

12 

7 

3 

$6 

48 

4 A 

22 

22 

22 

21 

21 

15 

16 

2 

Si 

60 

6C 1 

w 

16 

W 

17 

13 

12 

5 

2 

52 

47 

7 D 

19 

19 

20 

19 

II 

10 

6 

0 

56 

48 

8 B 

23 

! 22 

i 

23 

X 9 

18 1 

9 


0 

77 

SO 

Total 

II 6 

i 112 

II 7 

III 

94 1 

72 

56 

12 

3S3 ; 

307 

Per cent 


: 96.6 


94- 9 i 


76.6 


21.4 


So. 2 









SUMMARY 

Seven wheat heads growing in the open were under practically con- 
tinuous observation throughout their blooming periods, and nearly all 
of the 406 flowers on these heads were observed to bloom. 

The time required for a wheat flower to open fuHy and the anthers to 
assume a pendent position varied considerably, but averaged 3 minutes 
36 seconds for 25 flowers, while the time from begiiming of opening to 
complete closing averaged 26.5 minutes. 

Of ail flowers under observation, 86.2 per cent bloomed during day- 
light, 6.9 per cent during twilight, and 6.9 per cent during the night. 
This study did not include the determination of the effect on blooming 
of the duration of the daily illumination period. 

In most of the heads blooming began in the lower half of the upper- 
most third of the head. The lowest flower in the spikelet usually bloomed 
first and the others followed in order from lowest to highest, usually 
on successive days, although two flowers in the same spikelet sometimes 
bloomed on the same day. 

Some of the upper flowers in certain spikelets bloomed before the 
lowest or lower ' flowers in other spikelets, depending on their position 
in the head. 

Blooming on different heads extended over periods from about 10 1 to 
about 123 hours, amaximum of flowers, on one head bloo,ining in aday. 

Periods \of intense and reduced bloo'ining altemated' throughout' the 
day,,: the', time , of their occurrence depending tO' n considerable extent on 
'temperature,, 'rainfall^,,, and 'sunshine.' ■' ^.Blooming'was, observed 'at ' tem- 
■peratures' raiigiug from $ 6 ^ to 78° F.,'melusive. 
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Tlie percentage of seeds set in the spikelet decreases from the lowest 
to the highest position, little difference existing, however, between the 
first and second positions. 

In additional experiments flowers were' observed to open without 
dehiscence of the anthers when submerged in water. Also, full and 
apparently normal blooming occurred in continuous darkness. Tem- 
peratures of 55® F. and below checked blooming in certain flowers, 
although pollen was discharged from anthers of flowers previously opened 
when the temperature was reduced as low as 52® F. 
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the effect of sodium hydroxid on the com- 
position, DIGESTIBILITY, AND FEEDING VALUE OF 
grain hulls AND OTHER FIBROUS MATERIAL^ 

By J. G. Archibai^d - 

Assistant Research Professor of Chemistry, Massachusetts Agricultural Experiment 

Station 

The aim of this investigation has been to improve the digestibility and 
feeding value of grain hulls and similar fibrous material. The agency 
used for this purpose has been sodium hydroxid, and its effect in vary- 
ing concentrations on five different substances has been studied. The 
substances are oat hulls, barley hulls, rice hulls, cottonseed hulls, and 
flax shives. 

It is of interest to note here that the annual output of oat hulls by 
three of the leading oat-railling concerns in the United States totals over 
100,000 tons.® Although at tiie present time this by-product is mixed 
with the oat middlings and dust, which are also by-products of tlie mills, 
and is marketed as “oat feed,'’ the product is admittedly of inferior 
feeding value, due to its high content of indigestible fiber. Any method 
the employment of which will bring about a considerable increase in 
digestibility of this and similar by-products is worthy of investigation. 
Aside altogether from their possible significance in a practical way, the 
facts brought out by the investigation are of considerable scientific 
interest. 

Originality is not claimed for the method employed in the work. It 
was devised by Dr. Ernst Beckmann, of Berlin, Germany, for the pur- 
pose of hydrolyzing straw, and has been patented by him both in Ger- 
many and in the United States (3).^ However, a careful search of the 
literature reveals that while considerable investigation has been carried 
on with straw, work with hulls has never before been attempted. The 
writer has studied the action of dilute sodium hydroxid as it affects the 
proximate and, to a certain extent, the ultimate composition of grain 
hulls, and has fed the untreated and treated hulls to sheep, ascertaining 
by the usual procedure of digestion experiments the effect of the alkali on 
the digestibility of the hulls. 

REVIEW OF THE LITERATURE 

The review has been arranged under three headings : The chemistry 
of fibrous material; the action of sodium hydroxid and other alkalies on 
fiber; development of the process of hydrolyzing fibrous material for 
feeding purposes, together with the results of feeding experiments with 
the various products. 

These different phases of the problem overlap more or less and some 
investigators have dealt with all three of them, but each forms a suffi- 
ciently clear-cut division to warrant dealing with them individually. 

^ Accepted for publicatim Nov, 24, 1923. 

® This iavestigatiott was. made under the direction of J. - B. Bindsey. It was begun 'by C. b. Beals, who 
made a partial study of oat and rice hulls, and to whom due credit is given. It is published with the 
mission of the director of the Massachusetts Agricultural Experiment Station, and constitutes the review 
and experimental data of a thesis to be presentedm partial fullillm'ent of the requirements for the degree 
of master of sdoice in the graduate school of the Massachusetts Agricultural College., 

Erom approximate estimates iurnished by the mantifacturers, ' 

^ Reference is made , by number Citalic) to ‘tniterature cited,” p. 263-265. 
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THE CHEMISTRY OF FIBROUS MATERIALS 

The amount of work which has been done on the chemistry of plant 
fibers is nothing short of monumental, and yet, despite -the vast ac- 
cumulation of iiSormation now available, the chemistry of cellulose and 
of its combinations with pentosans, lignin, and allied substances in 
woody fiber is but imperfectly understood.. Investigators are still at 
variance over the structure of the cellulose and the lignin molecule. 

The miter has made no attempt to review all or even any consider- 
able portion of the literature on the. subject. A great deal of it is of a 
highty technical nature and of importance to the paper industry rather 
than to agriculture. It will be sufficient to outline the general concept 
of the chemistry of fiber as it exists at the present time, with such refer- 
ences as may be necessaiy. 

Plant fibe,rs are simply an aggregation of the cell wmlls of certain 
specialized cells occurring in the plant. These cell walls become elabo- 
rated, enlarged, and strengthened with age until maturity is reached, at 
wffiich time, in high-fiber plants at least, they constitute the major por- 
tion of the individual cells and of the vegetative portion of the plant, 
the protoplasm having been almost, if not altogether, absorbed, or trans- 
ported to the seed. 

In the early stages of growth the cell wall is known to consist of prac- 
tically pure cellulose, but with advancing age it becomes changed to a 
compound cellulose know as ligno-cellulose, which is characteristic of all 
fibrous or woody material and which imparts to such substances their 
property of rigidity. The process by which the cellulose is converted 
into ligno-cellulose is knowm as lignification. Just what this process in- 
volves in the way of chemical change and how it proceeds are still mat- 
ters of dispute. Some investigators are of the opinion that it is purely a 
physical phenomenon; that the cellulose is simply embedded in, or in-^ 
crusted by, the lignin; while others hold that the two are chemically com- 
bined and that die ligno-cellulose is formed at the expense of the cel- 
lulose. 

Magnus (jo, p, 12) considers that a definite linkage exists between the 
cellulose and the lignin. 

Casparis (7) in a paper published in 1920 concludes that ‘Tignified cell 
walls do not consist of chemically homogeneous materiar' and that ‘Tt 
appears likely that intramolecular formation of lignin takes place from 
the carbohydrates originally present in the cell wall.'* 

R^assow and Zschenderlein {34) have evidence which points toward, the 
pentosans as intermediate, products in the formation of lignin. 

Perhaps the most recent view of the process of lignification is that set 
forth by Esselen (12). He says in part : 

It iias been demonstrated that lignin .is made tip .of bydmsols of high' molecular 
weight whick are .absorbed from the,, sap by the .cellulose fibers. \ . . The' maximum' 
lignification ' coincides 'witk the maximum ''■percentage of absorba,b!e' colloidal sub- 
stances in the sap . While the lignifi’cation depends mainly, on the ' absorption referred 
to, it may be followed by certaiii riiemicai reactions, particularly dehydration', , which' 
manifest themselves in toughening and 'ageing.- ■ ■ , ., 

In whatever way the tr^sformation,.''is "brought about, the,', final 'prod- 
uct is the highly complex ligno-cellulose, .' the ultimate structure of ' which' 
still baffles die chemist. It is, however, generally agreed that the com- 
plex consists of cellulose linked in some way with two noncelltilose sub- 
stances, one of which contains an 'aromatic nucleus, while the other, be- 
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cause , it yields, furfural on distillation with HCl, is presumed to be pen» 
tosan In nature. The latter two substances are so closely associated 
that they are ^ouped together under the term ''ligninT a complex con- 
taining a considerably higher percentage of carbon than does cellulose 
(about 60 per cent) and less resistant to the action of alkali, ■ For this 
substance many formulae have been proposed. For a fairly complete list 
of these the reader is referred to a recent article by Beckmann, Tiesche, 
said Lehmann (4). The most recent empirical formula possessed of any 
degree of definiteness is that of F. Lehmann"(4), who suggests C40H44015. 
The work of Melander (5a) is more recent, but his results are not con- 
clusive, several formulae being suggested. 

Klason's conception that lignin is allied to coniferyl alcohol and de- 
rived from it by condensation and oxidation is worthy of consideration. 

The outstanding characteristic of lignin, and one on which almost all 
authorities agree, is the presence in the molecule of methoxy (CH3.O) 
and acetyl (CH3.CO) groups. These are readily split off by the action 
of heat and dilute alkali with the formation of acetic acid, the residue 
left behind being much more stable and insoluble than the original lignin. 

There are data to show that some of the methoxy groups are con- 
tained in the cellulose, but this is not definitely established, and the 
generally accepted idea is that the methoxy is characteristic of lignin. 
The subject is well summed up by Schorger (55) in a treatise on the 
chemistry of wood. 

THE ACTION OF SODIUM HYDROXID AND OTHER A^KAhmS ON FIBER 

When such material as straw or w’ood is macerated with a solution. of 
an alkali the solution becomes colored dark brown, and if the process, is 
continued sufficiently the material is more or less completely disintegrated 
into' a pulpy mass, which can be- bleached by chlorin or an}^ other suit- 
able bleaching agent to a white or nearly white substance. . This residue 
is a crude form of cellulose, which, depending upon its subsequent ,use, 
may or may not be further purified. 

What are the changes involved in the destruction of the complex 
lignified tissue? What is it that the alkali removes? From' this point 
on we shall consider only the action of dilute alkali on straw, as our 
problem is not the production of cellulose but simply the utilization of 
the principle in sufficient degree to render the fiber more digestible, at 
the same time holding at a minimum losses of valuable food substances. 

The most clear and concise explanation is that given by Magnus in 
his “Theorie und Praxis der Strohanfschliessung'' (jo, p. 7-X3). He 
considers that the reaction proceeds in a threefold manner: 

Separation and solution of the silicic acid, which constitutes a portion of the in- 
crusting substance of the straw and is present in most straws to the extent of i to 2 
per cent, while some straws contain, as much, as 5 per cent. 

Splitting off of the methoxy and acetyl groups from the lignin, of which they form 
a characteristic , part. This results, in the production of acetic acid with co.nsec|uent 
neutraHzation 01 more or less of 'the- alkali' employed in -the process. .^ The lignin 
itself' is- .also.' profoundly changed,' and' is rendered more insoluble and inactive. It 
-should be borne in 'mind, however, that complete., or nearly - complete, solution and 
remo'yai.of the lignin can be brought about -when desired by repeated treatment with- 
alkali at higher, temperatures than'those successftdly employed for straw hydrolysis. 
Ilipai^r' manufacture this'- is what 'actually takes: place. - ' , 

FcM-cing or springing -of the bonds - which link the , 'lignin-' and cellulose"' together. 
The theory of a linkage between these two substances m the fiber is, advanced by 
Magnus, and he .a^nsiders that the springing apart- of these bonds is the most im.portant 

740 , 24 — • 24 — — 2 , ' " ' , 
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and. essential feature in the action of the alkali. ' As^a result, the intestinal bacteria 
of animals are enabled to attack the cellulose and split it up into simpler substances, 
such as sugars and organic acids which can then be utilized by the animal organism. 

Tliese changes take place at ordinary temperatures and the maxiimitti 
action of the alkali is readied in a comparatively short time. It should 
be said, in addition, that coincident with these favorable changes there 
is more or less destruction of pentosans and cellulose by the alkali, 
but in the improved process patented by Beckmann (j) this unfavorable 
action is held at a minimum. 

Neger (js) has advanced the idea that the mechanical effect of the 
alkali on the straw is also important, the middle lamella of the cell 
wall being dissolved and the thick- walled cells separated from one another. 

The action of calcium hydroxid is similar to that of sodium hydroxld, 
but is less marked, the lignin and silicic acid being less attacked. 

DHVKhOPM^NX OF THE PROCESS OP HYDROLYSIS OF FIBER 

An endeavor has been made to cover the subject matter on this par- 
ticular phase of the problem as completely as possible. 

Practically all the work of developing a suitable process of fiber hydrol- 
ysis has been carried on in Germany, straw being the material generally 
used. Although many of the investigations were a result of the acute 
food shortage in that country during the war, the idea of utilizing 
processed fiber as an animal or even a human food is by no means a new 
one. 

As early as 1865 Hellriegel and Lucanus (ip) investigated the feeding 
value of straw which had been chopped up, moistened, and allowed to 
heat spontaneously. They concluded that such treatment diminished 
somewhat the food value of the straw. 

In 1890 Henneberg and Lehmann (27) carried on feeding experiments 
with crude fiber prepared from rye straw by the action of sodium hy- 
droxid. They concluded that cellulose prepared in this way was nearly 
equal in value as an albuminoid conserver to the easily soluble carbo- 
hydrates, and also that cellulose aided in fat production. 

In 1894 Lehmann, as reported by Kellner (26, P. .288), showed that 
the food value of straw could be increased by cooking it with caustic 
soda in ordinary open kettles. In 1902 {28) he modified his process and 
made use of the pressure cookers of die paper industry, heating the straw 
and soda lye under pressure for several hours. The digestibility of straw 
thus treated was raised from 42 per cent to 56 to 60 per cent. However, 
the process has not come into general use. 

In 1 899 Kellner {26, p, 288 ) . observed that rye straw hydrolyzed by the 
process used in paper manufacture had a digestibility of 88 per cent and 
was capable of producing more fat in rummants than pure potato starch. 

In 1906 Ustiantzev (44) found, that ceUulose from straw freed from, 
incrusting substances had a decided food value and was equal to isody- 
namic . quantities of starch and sugar ,as a protector of protein and, fat 
"ITien fed: to both rabbits and sheep it was almost completely digested. 

^Altmaimsberger (i) in 1907 fed sheep with straw that had. been treated 
with^ sodium hydroxid under pressure ...and found that' 'the' straw 'was 
readily eaten' and that the digestibility of , the crude fiber and ash had 
„ been materially increased. , 

About the same time, Biffloth (xo)- published data. showing the, increased 
value as a feeding stuff of strawfrom, which' 'the incrusting substance had 
been removed'. 
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Gregoire (17) reported in 1907 on the method of Seidl and Bauriedi 
in which straw was treated under pressure with 3 per cent NaOH. The 
material was fed while still wet and was claimed to be fully as digestible 
as starch. 

After the outbreak of the World War, investigations of this nature 
became quite numerous. One of the first processes proposed was that 
of Oexmann, who utilized the straw pulp of the paper industry, mixing 
it with 35 per cent of molasses. The mixture was dried, ground, and 
placed on the market as ‘‘Strohkraftfutter II.” With protein added to 
it, it was known' as “'Strohkraftf utter I.” 

Lehmann's process of cooking the straw under pressure with varying 
concentrations of NaOH was also further experimented with at this 
time, but was found to be not economically sound, due to costly equip- 
ment and the necessity of handling large amounts of water. 

Golsmann’s process was devised to overcome these defects and con- 
sisted of cooking straw without pressure for 12 hours, using simple 
equipment. The element of time was the main consideration here, and 
in that respect the Muller process, which shortened the time somewhat 
by stirring, was an improvement over Colsmann’s metliod. 

The Dahlemer process is similar in principle to Colsmann’s and to 
Lehmann's original method, cast-iron vessels being employed for the 
hydrolysis of the straw. 

Fingerling reports that Colsmann's product had a digestibility of 60 
to 65 per cent (26, p. 290), while that of the Dahlemer process was 75 
per cent digestible (ly, p, d). 

Unfortunately, we have not been able to find in the literature any 
original accounts of the Oexmann, Colsmann, Muller, and Dahlemer 
processes, but they are reported in some detail by Fingerling (ad, p, 28g, 
2go) and by Magnus (30, p. 1-4). Because of the lack of references we 
are unable to assign definite dates as to the chronological sequence of 
their publication or introduction into practice. It is inferred, however, 
from a careful study of the literature that they were all developed during 
the early part of the war. Other investigators about the same time 
were Stutzer (4a), Dannfelt (9), Tollens {43), and Hansen {18). 

All of the processes devised for straw hydrolysis up to as late as 1917 
required as an essential feature of their operation the application of heat. 
In' 1918 Beckmann put forward his process of hydrolysis in the cold, 
which was so much more simple and economical that it rapidly super- 
seded those already in use and became the subject of careful investigation 
by the German experiment stations and others. ' Since that time prac- 
tically all the literature on the subject (in Germany at least) deals with 
this process or modifications of it.- The process has been' patented, in 
Germany about 1919, and in the United' States more recently''' (j).' 

The essential features of the method "are hydrolysis of ' the material 
with eight'. "times its weight of 1.5 per cent NaOH in open vats^ for a 
comparatively short time— three hours is usually sufficient— draining off 
the 'liquor and washing with water until the product no longer'' turns 
red litmus paper blue. ' ' The process is carried on at ordinary temperature, 
and those who have thoroughly .investigated the method" claim' that the 
"hydrolysis is as" complete at this temperature and in the relatively short, 
time .recommended;, as it .is when the."n:iate'rial is subjected to cooking 
"either" with or'',mtiiout .pressure for'longer periods of time. ' Also,^"the' loss 
...of" valuable' nutritive substance is very much' reduced. . ' 
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Tlie metiiod is disctassed in considerable detail by Magnus (50) and also 
by Fingerliiig (26^ p. 2gi, 292). 

Magnus has reviewed and discussed in his text on the subject (50) all 
of the more important processes of straw hydrolysis which had been 
devised up to the date of its publication in 1919. In addition, lie has 
given a detailed account of the theory of straw hydroh'^sis and of many 
of his own investigations. Though rather out of date now, it is the only 
text on tlie subject of ndiich the writer is aware. 

In 1919 Jonscher (25) reported on his investigations in treating straw 
meal and wood meal with HCl and (or) NaOH, recommending some of 
the products as suitable for animal and human food. 

Within the past four years Honcamp and his coworkers have carried 
on, quite extensive investigations into the relative merits of various 
metliods of straw hydrolysis. In his first paper (ai), published in 1919, 
he reports unfavorably on the metliods proposed by Minck and Schwalbe 
for hydrolysis with hydrochloric acid. Such treatment makes the straw 
no more digestible. 

His second paper (22, p. 1-41), published in 1921, deals with hydrolysis 
of straw by calcium hydroxid without pressure. Such treatment in- 
creases the starch value above that of the original straw to about the same 
extent as does sodium hydroxid. Loss of organic substance is greater 
when the hydrolysis takes place under pressure than by simply boiling. 

In Ills' third contribution (22, p. 42-63), published coincident with the 
second, he discusses the effect of hydrolyzing vith sodium carbonate j 
which is similar to that of NaOH and Ca (OH)^. Using concentrations 
of NasCOjj similar to those of NaOH and Ca(0H)2 employed, the fodder, 
value ■ of the straw was considerably improved. 

His fourth paper (23), published about the same time as the second 
and' third, deals with hydrolysis by sodium hydroxid under pressure. 
Only cereal straw is su.itable for such treatment. Results obtained with 
a definite amount of NaOH (3.5 kg. per 100 kg. of straw) were about 
the same as where tmce that amount was used. 

In his most recent work (24) Honcamp investigated the Beckmann 
methods, using both sodium hydroxid and calcium hydroxid. His con- 
clusion wzs that the loss in crude and- digestible nutrients was greater 
with NaOH than with Ca(0H)2. . 

In addition to this series of five ' papers, he published a general paper 
(20) in 1919 with some rather important conclusions. He states that 
pressure cooking results in greater destruction of organic matter than 
when the cooking is done in open -vessels, and that hydrolysis mth NaOH 
results in a substantial increase in digestibility in rye, barley, and oat 
straw, but only slight increase in pea, seed beet-, and rape straw. 

Semmler and Pringsheim (40) .found that 'usually less than 50 per cent 
of the -crude fiber of natural products is digested w’hen the lignin content 
is in excess of 20 per cent, . but up .to ,75 .per cent may be digested in the 
case of straw-'' hydrolyzed by sodium, hydroxid, despite a much higher 
lignin content ' , ■ 

Fingeriing' 'has .made some, 'important contributions to the subject. 
In addition to "his numerous-, experiments already referred to (jj, and 
26 i p, 2^9-2p2), he has investigated Beckmann's process quite thoroughly. 
In 1919 he published a paper. {14) dealing with the influence, of ti-me-of 
hydrolysis upon the amount of nutriti'Ve material liberated., "".'The re-' 
stilts showed that the greatest amount ' of' 'hydrolysis 'todk p'lace in the 
first three hours, and that action of the NaOH waS' practically completed 
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in four hours. In a second paper (75), published in 1922, he shows quite 
conclusively that, -withiii reasonable limits, the stronger the NaOH solu- 
tion used the higher is the digestibility of the hydrolyzed straw. 

Wagner and Scholer {46) treated straw with 2 per cent lye by the 
Beckmann’s process and found that the product when fed to sheep was 
very serAUceable fodder, fed either wet or dry. 

The work of Scurti et ah, reported in 1919 and later, is worthy of men- 
tion. They have investigated the influence of hydrolysis 011 the compo- 
sition and nutritive value of corncobs (j6), wheat straw (j7), grapevine 
shoots, and hemp While sulphuric acid was the principal hydrolyz- 

ing agent used, nitiic and hydrochloric acids and sodium hydroxid were 
also etnplo3red. The products from wheat straw and corncobs were 
compressed into cakes and fed to farm animals with fair success (jp). 

In 1919 Ellenberger (ii) reported some experiments with hydrolyzed 
wood meal as a feed for working horses. He concludes that this material 
may not only be substituted for the hay of the ration but may also re- 
place the oats if some supplemental protein is furnished. 

Voltz (45) in 1920 treated straw and chaff by Beckmann’s process, and 
reports considerably more digestible nutrients in chaff treated for 18 hours 
chan in chaff treated for 3 hours. Straw treated for 24 hours contained 
slightly more digestible nutrients than straw treated for 12 or 72 hours. 

In 1920 Godden (16) published an account of his method of straw 
hydrolysis, which he devised for small-scale operations and which dif- 
fers somewhat from any of the German processes. The chopped straw 
is soaked overnight in 1.5 per cent of NaOH and then steamed for an 
hour in a specially constructed boiler. After draining and cooling it is 
fed immediately. The dry matter of the treated straw has approximately 
1.5 times the value of the original dry matter, and for production pur- 
poses its value is nearly doubled. He concludes that tlie gain in nutri- 
tive efficiency compensates for the loss in dry matter, but emphasizes 
the need of further investigation of the possibilities of such treatment. 

Weiser and Zaitschek (47) carried on an investigation similar to one 
by Fingerling (15) in which they studied the effect of the amount of soda 
used on the digestibility of straw. The Lehmann apparatus was used 
and, contrary to the findings of Fingerling, they found that the highest 
starch values were obtained when the NaOH solution used was weakest. 
From the large number of variables in their experiments we are inclined 
to view their results with some misgivings. 

Sherrard and Blanco (41) have descril^d a method for preparation of 
a cattle food from hydrolyzed sawdust. The product was fed to three- 
cows at "the Wisconsin' College of Agriculture ‘Svith highly gratifying: 
results,” The essential' feature- of the method consisted in the' digestion, 
of the sawdust with 1.8 per cent sulphuric acid imder pressure. About 
2i per cent of the original wood meal was converted into sugar. 

Brauns'Child (6) patented in 1 92 1 ■ a process for treatment ;of :■ substances. 

' 'rich ' in ■ ceilulose ' with, " a ' strong ' solution' : of ’ calcium chlorid . ' ' ' ' 

Blasweiler (5) has recently described Steffen’s method of straw diges- 
tion. ' Straw', iS' cooked under , pressure for ' one ' and one-h'SK - hbtirs ' with' 
lO' per -cent sodium hydroxid. The- product has ■ a composition similar to- 
that obtained by Ofexmann’s process. ,' 

' From the many investigations 'cited, it is -clear that the- action ' of various- 
hydrolyzing agents upon straw, while attended with some' loss, noticeably 
.improves its digestibility. Sodium hydrate proved to be the'' most effec- 
"tive -agent, followed closely by calcium' hydrate, the latter naturally 
proving' the more econom,ical. 
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EXPERIMENTAL 

As already stated* the method of hydrolysis employed for the treatment 
of grain hulls in this investigation was that of Eeckmann. The apparatus 
consisted of a tank constructed of 2-inch spruce planking, coated on the 
inside with asphalt, and provided with a strainer and outlet tap at the 
bottom to drain off the lye and wash water. The inside dimensions of 
this tank are: Length, 6 feet; breadth, 3 feet; depth, i foot 6 inches. 
Fifteen kilos of grain hulls can be readily handled in it at one time. In 
addition to the tank, a homemade filter press, for removal of the excess 
water after, hydrolysis, and an eight-compartment special dr^dng oven 
constituted the major portion of the equipment. 

The procedure in treatment of the hulls was as follows; An amount of 
sodium hydroxid equivalent in weight to eight times the amount of hulls 
used was made ready in the tank, the exact strength being adjusted by 
titration and addition of more NaOH or water as required. The desired 
amount of hulls was weighed out and transferred at once to the tank, 
where it was thoroughly mixed with the alkali by means of a wooden hoe. 
The strengths of sodium hydroxid used were i, 1.5, and 3 per cent. The 
1.5 per cent strength is that employed by Beckmann. The 3 per cent 
strength, used with rice hulls only, was employed in order to ascertain 
whether it would have any more marked action on the very woody, gritty 
rice hulls, than did the 1.5 per cent strength. The i per cent strength 
was used with the idea of economy in mind. The mixture was allowed 
to stand for three hours, with frequent stirring; the soda liquor was then 
drained off as completely as possible and the hulls thoroughly washed 
with cold water until the wash water no longer showed a pink tinge with 
phenolphthaiein, about six changes of water being usually sufficient. 
The hulls were then transferred to the filter press, where the excess water 
was removed, and they were finally spread out in as thin layers as possi- 
ble in shallow galvanized pans and dried in the special steam oven. 
When dry they were bagged and stored until such, time as the digestion 
experiments could be carried on, which, as a matter of fact, wms, almost 
immediately. 

As in all the digestion work done at this station, sheep were used, all 
the ind,ivi,duals employed being aged wethers well trained in the routine 
of the work. This is a detail of no small significance, as anyone can 
attest who has attempted work of this kind. The feeding trials were 
carried on in the usual manner,, ample details of which' are given in an 
earlier publication of this station (29). Two sheep were used through- 
out each trial. The hulls, both treated and untreated, w^ere fed at the 
rate of 100 gm. ^ daily, along with a basal ration ® of 500 gm. English hay, 
150^ gm,. gluten feed, 10 gm. salt, and water ad libitum. 

The hulls were mixed with the gluten feed, and no trouble was experi- 
enced ■ in getting the sheep to eat them. No further preparation of the 
hulls, was necessary except in the case of the rice hulls, which had to be 
ground before the sheep would eat thiem. 

■; Feeds, 'and feces were submitted to. the regular fodder analyses, accord- 
,img tO:the methods of the Association of Official Agricultural 'Chemists,,? 


S' In tbe caw; of tbe untreated oat and rice hulls, and the oat hulls and rice hulls treated with 1.5 per' 
c«t sodiutn hydrcKsid, the aiuotmt of hulls fed' was ISO gm. . 

® Thebas2draticBiforthetrials2n'W'hichtmtreatedoat,hullsatid„oathulIs treated with 1,5 per cent sodium': 
hydroxid were fed contained no gluten feed: otherwise it was identical with that given above. '' 

^ Association of Official Agricultural Chemists.- official' and tentative methods of analysis,, as 
a>mFH,an by the co,mkittse,on revision of methods. Revised to Nov. 1, 1919- P> 71, 72, Wash- 

ingtcm, n. C. 19 . 20 .. 
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and in addition the percentage of starch was determined in the hulls, and 
pentosans and lignin in all the feeds and solid excreta. Pentosans were 
determined according to the official method as described in the manual 
of the Association of Official Agricultural Chemists.® 

Starch was determined by pancreatin in the following manner: 

Two grams of finely ground (loo-mesh) material were transferred to a hardened filter 
paper and washed with several portions of hot 10 per cent ethyl alcohol to' remove 
the sugars. The residue was immediately transferred by means of a stemless funnel 
and a minimum of water from a wash bottle to a 250 cc. volumetric fiask. The 
suspension, if not already diluted sufficiently by the water used for transferring, 
was further diluted to about 100 cc. and boiled for half an hour to rupture the cell 
walls and the starch granules and' liberate the starch. The flask was then filled 
almost to the mark with distilled water and allowed to cool to below 37° C. A pinch 
of sodium bicarbonate was then added to insure slight alkalinity for optimum action 
of the pancreatin, followed by one-tenth of a gram of full-strength pancreatin.^ The 
solution was at once made up to the mark, shaken well, and placed in a water bath 
at 37*^ to 40*^ C. for half an hour, at the end of which time the contents of the flask 
were emptied into a 500 cc. beaker to facilitate subsequent pipetting: 200 cc. of 
the liquid were immediately pipetted off into another 500 cc. beaker as rapidly as 
possible, and 20 cc. of HCl (sp. gr. 1.125) added at once, thus inactivating the pan- 
creatin. The 220 cc. of liquid w-ere then filtered by suction into another 250 cc. 
flask, using a platinum cone to support the filter paper, and a bell jar of suitable 
size on a ground glass plate to hold the flask into which the filtrate passed. As soon 
as possible after filtration was complete, the fiask was placed under a reflux condenser 
and heated gently for two hours, the solution cooled, nearly neutralized with NaOH, 
and made up to 250 cc. With some materials another filtration was necessaiy^ at 
this point, but suction was not required. Reducing sugar was determined in aliquots 
of the solution by Allihn’s modification of Fehling’s method.^® 

Lignin was determined by a modification of the method of Ost and 
Wilkening (reported by Cross and Bevan, 8, p. jp), which was proposed 
by Mahood and Cable (ji ) . The principle of the method consists in the 
hydrolysis of all the constituents of the material except the lignin by 
means of concentrated sulphuric acid. The dissolved substances are 
removed by filtration and washing and the residue is dried and weighed 
as lignin. The details are as follows : 

Two grams of the material were extracted with ether in an ordinaiy fat extraction 
apparatus, transferred to a i,ooo cc. Erlenmeyer flask and covered with lo times its 
weight (13 cc.) of 72 per cent sulphuric acid. Considerable care and some practice 
were necessary at this point in order to get all particles of the dry material in contact 
with the relatively small amount of acid. The hydrolysis was allowed to proceed 
for 16 hours at room temperature, at the end of which time the solution was diluted 
with ordinary tap water to a strength of 3 per cent (480 cc. of water was the amount 
nece^ary for that degree of dilution). The solution was then boiled under a reflux 
condenser for 2 hours, filtered through linen, washed with hot water, transferred to 
a tared Gooch crucible, dried at 100° C., weighed, ignited, and weighed again. The 
loss in weight was considered as lignin. 

Some preliminary work was done in determining lignin by the method 
of Willstatter (reported by Magnus, jo, p. 14), in which 42 percent 
hydrochloric acid is used as the hydrolyzing agent, instead of sulphuric 
acM.', ' This method proved less^ satisfactory because of the cost of HCl 
so highly concentrated/the' difficulty, of keeping it at that strength, and 
the, 'extreme unpleasantness of the- dense fumes' given off. 


' « OP. 'Cl'T,,, 

® This material was fu.mished to us through the courtesy of Parke, Davis, &, Co., of Detroit, Mich,., and, 
luilike the ordinary, reagent, contained no diluent. 

Association of .Oflciai , Agricultural Chemists. . bP. 'CiT.,jE>. po. . 

Mah.oc«!. "and ' Cable '(.?jr)' use 4 gm., but half that 'auaiitity' was better adapted to our purposes. 
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PRESENTATION AND DISCUSSION OF EXPERIMENTAL DATA 

The results secured in the investigation group themselves under two 
heads: Effect of the sodium hydroxid on the composition of the hulls; 
effect on the digestibility and feeding value of the hulls. 

EFFECT OP SODIUM HYDROXID ON THE COMPOSITION OP THE HULLS 

This group of results can be subdivided into four distinct topics, 
which follow: 

LOSSES IN WEIGHT IK THE TREATED MATERIALS DUE TO THE ACTION OF THE SODIUM 
HYDROXID, AND REDUCTION IN THE STRENGTH OF THE SODIUM HYDROXID 

The loss in weight was ascertained on a dry-matter basis by weighing 
the material and making dry-matter determinations, both before and after 
treatment. The reduction in strength of the soda was determined -by 
titration wdth N/2 sulphuric acid. The following table sets forth the 
figures : 


Table I . — Loss in weight on treatment with soda and reduction in strength of soda. 


Material. 

Loss in 
weight on 
treatment 
(dry-mat- 
ter basis). 

Strength 
of NaOH, 
employed. 

Strength 
of NaOH 
after use. 

NaOH 

con* 

srimed. 

Oat hulls ■ j 

Do, i 

Per cent. 
16. 54 

TO '7 A 

Per cent. 

1-5 

I I 

Per cent 
0. 70 

A fv 

Per cent, 

53-33 

Barley hulls 

Do 

Rice hulls 

DO' ' 1 

Cottonseed hulls | 

Flax shives . 

20. 29 
19.31 
15. 60 
19. 51 
9.69 
25. 03 

i-S 1 

I i 

5 1 
3 ! 
^•51 
1.5. 1 

. 40 

1. 04 
.64 

•75 

2. 28 

•75 

.So 

i 54- 00 
j ' 30, 66 

36. 00 

50.00 

24. 00 

50.00 
46. 66 


These losses are due, as already explained, -to solution and separation 
of the silicic acid, a portion of the lignin, more or less of the cellulose' 
and pentosans, and to unavoidable mechanical loss. In draining off the 
soda liquor and subsequent wash water,, more or less of the fine particles 
of the treated hulls passed through the .'finest sieve that it was prac- 
ticable to use. This was especially true of the flax shives, as they were 
ground quite fine when received. The mechanical loss, however, is' 
believed 'to have been small. ■ 

The ^average loss in w-eight for the several substances when 1.5 per 
cent HaOH was, used was equivalent to 17.43, per cent of the original ' 
material; vrhen i per cent NaOH was used the average loss was slightly 
■less— 15.03, per cent; and in the.,- single instance where^ per cent NaOH 
was employed the loss was slightly .higher— 19.5 per cent; indicating that 
the stronger the soda solution the greater the loss, ' and that for a given 
strength , of soda the loss depended upon the character of the material 
treated. 

The reduction in strength, of the sodium:, hydroxid, is ' due ,to 'neutrab 
ization by the acetic acid, formed. ' IB' this connection' it '''may be 
worth' while to record our , observation of , what too,k , 'place ' when thC' 
hulls were , added, to .the NaOH solution m'the tank. During the first 
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few minutes of tke treatment there was always a noticeable formation 
of small bubbles, accompanied a quite audible crackling sound sug- 
gestive of a mild effeiwescence. This phenomenon ceased to be per- 
ceptible after the first 15 or 20 minutes, which would seem to indicate 
a slowing up of the reaction and that the action of the alkali takes place 
largely in the first few minutes. These assumptions are borne out by 
the work of Magnus (jo, p. 12) and of Beckmann (j). 

The average amount of alkali consumed or neutralized in the process 
was 45 per cent of the total amount when the strength employed was i per 
cent; 46.66 per cent when the strength employed was 1.5 per cent; 24 per 
cent when the strength employed was 3 per cent. In other words, 
the percentage strength of the exhausted solutions averaged 0-45 per 
cent, 0.70 per cent, and 2.28 per, cent, respectively, for -the i per cent, 
1.5 percent, and 3 per cent NaOH solutions. 

It will be noted that , the percentage amount of NaOH consumed is 
about the same for the i per cent and 1.5 per cent — around 45 per cent, 
or slightly less than half of the total amount employ ed~while the actual 
amount consumed is about the same for the 1.5 per cent and 3 percent 
solutions, namely, about 0.7 per cent. 

Beckmann recommends the use of the exhausted alkali a second and 
even a third time, bringing it back to the desired strength by adding the 
required amount of fresh sodium h^^droxid. In the practical operation of 
the process this procedure is in the interest of economy, but for our 
experimental work we considered it inadvisable, and accordingly a fresh 
solution was prepared for each lot of hulls. 


REACTION OF THE MATERIALS BEFORE AND AFTER TREATMENT 

In order to ascertain if there was any residual uncombined alkali in 
the treated materials, the water-soluble acidity or alkalinity of all the 
treated and untreated samples, was determined according to tlie method' 
given in the manual of the Association of Official Agricultural Chemists,^® 
Table II sets, forth the results. 

Table II. — Waier-soluable acidity or alkalinity of untreated and treated hulls 


'Labor- 

atory 

No. 


248" 

503 

293 

453 

491 

482 

3.37 

32.1 

512 

""449 

.460 

48s 

'494. 


Material. 

N/io NaOH 
required 
per gram of 
substance. 

O'Rt hulls, im treated 

Cc., 
0.23 
. 1.0 

Oat hulls, tr.eated i per cent NaOH 

Oat hulls, treated 1. per cent NaOH 

Barley hulls, untreated 

I. 14 
423 
■,■.42 

' . ..'22; 

Barle^^ h.tilis, treated i per cent NaOH . 

Barley hulls, treated 1.5 per cent NaOH. 

Rice hulls, untreated. . . ' . . 

Rice .htillR, treated r.^ per cent -NaOTT . . 

Rice' hulls, treated 3 percent NaOH 


Cottonseed hulls, untreated. 

'''-23'' 

.08 

■ - 47 '' 

V' .08:" 

Cetton^ed hulls., treated 1.5 per cent NaOH. . . 

Rlax .shives, untreated.. 

,, Flax 'shives,'„treated' 1.5^ per cent'NaOH, . . . . .' ./... 


N/io HSSO 4 
required 
per gram of 
substance. 


Cc. 




.07 

.08 


®..L1jfe3ipercCTtMaOn'..solatiouwasiisedinooly€»e'm^^ better., tbe corresponding yalue does. .not: 
repre^t an average.; . 

t'^Assodation of 'CMdal .A:giiailttiral Cbeinists.' of. aT., i5>. ■ ' ■ 
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It is seen tJiat all untreated materials showed a slight water-soluble 
acidity measured in terms of N/io NaOH, from 0.22 cc. N/io 

NaOH in the case of rice hulls to 1.14 cc. in the case of barley hulls, A 
slight acidity is normal to most feeding stuffs. The relatively high acidity 
of the barley hulls may be attributed to a slight fermentation of the con- 
siderable amount of carbohydrate present which had not been separated 
from the hulls. In the case of the treated materials, five lots showed a 
slight acidity, varying from 0.08 cc. to 0.42 cc. N/io NaOH, and three 
lots showed a slight alkalinity, from 0.07 cc. to 0.16 cc. N/io H2SO4 
per gram of substance. From these results it is evident that in the, 
majority of cases there was no residual uncombined soda from the' treat™ 
ment Mt in the materials after thorough crashing, and in those cases 
where there was any alkalinity it was so slight that it wmuld be readily 
taken care of by the HCl in the animaFs stomach. Care should, however, 
be used to wash out the soda after treatment as thoroughly as possible 
compatible with good practice. 

nrrBGT or the treatment on the proximate constituents or the hulls 

The detailed results of all the proximate analyses, together with per- 
centage increases or decreases of the various constituents due to the 
action of the alkali, are given in the accompanying table. 


Table III . — Summary of the proximate analysis of grain hulls (untreated and treated) 






Dry matter basis. 


ILabora- 


Mois- 






tory 

Material. 

ture as 






No. 


fed. 

Total 

Crude 

Crude 

N-free 

Crude 




ash. 

protein. 

fiber. 

extract. 

fat. 

34S 

Oat bulls, untreated 

7. 70 

6.33 

2. 26 

33 - 24 

57 - 24 

0.93 

S03 

Oat hulls, treated z per cent NaOH. 


5-69 

2.05 

34- 80 

56- 99 

.47 

Percentage increase or decrease due to 



treatment 



—9. 30 
1-37 

+ 4. 69 
40. 20 



293. 

Oat hulls, treated 1.5 per cent NaOH 

4*05 

s- 23 

52- 65 

'^55 


Percentage increase or decrease due to 




1 . 



337 

321 

Rice hulls, untreated 

6. 25 
3. 61 

19. 06 
17 * 46 


41. 80 
46, 08 

35-38 
33 - 41 


'Rice hulls, treated 1.5 per ceut NaOH ....... 

2. 31 

.58 

Percentage increase or decrease due to 


treatmen,t ... .... 


— S. 40 
13* 13 ■ 

— 16. 89 
i >83 

+ zo. 23 
50. 26 

- 

— 22. 67 
• 55 

S12 

Rice hulls, treated 3 per cent NaOH 

5 * 92 i 


Percentage increase or decrease due to 

i 




treatment 


—31.12 j 



+ 20. 23 

T r. eft 


-26. 67 

4 S 3 i 
'491 

Barley hulls, untreated 

6. 76 ' 

I 10. Si 1 
1 10.41 ' 

66! 86 
63-89 

Barley hulls, treated i per cent NaOH.' 

6. 24 ! 

4*74 

18.97 

X.99 

Percentage increase or decrease due to 


treatment ' 


+S ‘33 
. 4 - 33 

: — 3-63 
9-23 

+21.91 

19-03 


—12 . 34 

482 

Barley hulls, treated 1.5 per cent NaOPI 

5.09 

. ^ 

65.40 

1.99 


Percentage increase or decrease due to. 



treatment 


-3. 78 ^ 


+22.30 
43 - 99 
49-83 

'-'2. 18 
48. 60 

43- 55 

■54 

449 

460 

Cottonseed hulls, untreated. 

6.93 

5 -tS 

^ 

4.08 

3*03 

I 19 

Cottonseed. hulls, treated 1.5 per cent NaOH. 

2 - 75 

!84 


,Fercentage increase or decrea.se due to 


treatment, 


4 " 29. 10 


+ 13. 27 
53 - 81 
62. 84 





,., 4 ^ 5 . 
494 ■ 

Flax shives, untreated, 

6. 78 

— 25 74 
5 - 24 
4. 41 

n c* AC 

I. 81 

t- 33 

Fkx shives, treated x.s per cent NaOH 

S--S 4 

S ’ 35 

: 

26.07 


Percentage increase or decrease due to' 


treatment ' 


1 + 30 . Sz 

— T C. Sit 


nr* 






* J.U. 7 / 

35 “ '33 



+ Incr^se. ' —Decrease. 


The treatment relatively increased .the fiber and decreased all other 
constituents except, ash, which,' was- increased, in three,, instances. ,,'The 
considerable increase .'in' ash in cottonseed hulls and flax shives can prob- 
ably be explained by considering it as a 'relative increase,, the ash of' the.se 
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materials being so insoluble that it was unattacked by tbe alkali, wMle a 
portion of the more soluble organic constituents was 'removed. It is 
possible also that sufficient residual soda remained combined in these 
materials to account for the ash increase. 

The striking feature of the results is the appreciable percentage increase 
of fiber in all cases, due to the removal of the more soluble portions of 
the hulls. One notices also that the increase in fiber was consistently 
greater the higher the concentration of sodium hydroxid. Although 
the protein and fat suffered considerable loss, they are present in relatively 
small percentages and hence are of minor importance. (See Table IV.) 

Table IV . — Net loss in pounds on a dry-matter basis of each proximate constituent 


Loss in pounds for eacli 100 pounds of dry matter 
treated. 


iviatenai, | 

Total 

ash. 

Crude 

protein. 

Crude 

fiber. 

N-free 

extract. 

Crude 

fat. 

Total. 

Oat hulls, treated i per cent NaOH 1 

1. 26 

0. 43 

2. 18 

6.37 

0. Kl 

10. 75 

Oat hulls, treated 1.5 per cent NaOH 

I- 97 

1. 12 

a. 31 

13.30 

•47 

16. SS 

Barley hulls, treated 1 per cent NaOH 

.68 

2.41 

.25 

15-31 ^ 

.66 

19-31 

Barley hulls, treated 1.5 per cent NaOH 

1. 05 

3-44 

•39 

14 - 73 i 

.68,; 

20. 29 

Rice hulls, treated 1.5 per cent NaOH 

4-32 

.90 

2. 91 

7 * 18 i 

-26 

15-57 

Rice hulls, treated 5 per cent NaOH 

8.49 

i I- SS 

I- 35 ! 

7.83 ! 

• 31 ! 

19 - 53 

Cottonseed hulls, treated 1.5 per cent NaOH 

; “.35 

1.34 

<2 I. 01 

9-27 ! 

•43 ‘ 

9 . 68 

Flax shives, treated 1.5 per cent NaOH 

1 .08 

I* 93 

6. 70 

15-51 

.Si , 

25-03 


a These figures represent gain instead of loss. In the case of the crude fiber an absolute gain is im possible, 
so these small increases are explainable only on the basis of analytical or experimental error. In the case 
of the ash which showed an absolute increase it is possible that residual NaOH might account for it. 


Considering the results from this angle, we see that the fiber was practi- 
cally unattacked in so far as its removal by solution was concerned, 
while the greater or lesser amounts of all the other constituents were 
removed. The greatest actual losses were in the case of the nitrogen- 
free extract, which includes the starch, a portion of the pentosans and 
lignin, and allied substances. 


EPFEcr OF THE TREATMENT' ON SOME OF THE ULTIMATE CONSTITUENTS OF THE HULLS 

It was thought that a more detailed analytical examination of the hulls 
than that involved in the conventional fodder analyses would furnish 
still more accurate information as to the chemistry involved in the 
process. Table V gives the results of starch, pentosan, and lignin 
determinations made as described in a previous section of this paper. 

The figures in Table V show that relatively the starch was increased 
in all instances, the pentosans in all 'but one instance, and the lignin in 
five out of eight. In a general way, the increases in pentosans and, lignin 
parallel those for fiber, which is what would be expected. 

One is impressed with the high ' percentage, of pentosans in the un- 
treated oat hulls; in fact, pentosans together with . the ■ lignin make up 
the major portion of the hulls. The rice hulls, are composed; largely of 
ash, fiber, including pentosans, and lignin. They' are somewhat more 
.iignified than the oat hulls, and the. presence of the' lignin together with 
..the, high "ash ' percentage accounts for ■ their' inferior nutritive value-' 
'..CottonS'eed,', hulls',' 'with Sieir very 'high crude fiber percentage,, together 
with the' large amount of pentosans and lignin, are in the same class 
with the rice hulls. ' Flax shives, containing approximately 54' per cent 



258 


Journal of Agricultural Research 


Vol. XXVII, No, s 


of fiber, 27 per cent of pentosans, and 33 per cent of lignin, tlie most 
lignified of the several substances examined, should prove to be tlie 
least digestible* 


Table; V. — Siarck, pentosans ^ and lignin in grain hulls {untreated and treated) 


Material (dry matter basis). 

starch 
per cent. 

Pentosans 
per cent. 

Lignin 
per cent. 

Oat hulls, untreated 

4 - 73 

40. 02 

20. 20 

Oat hulls, treated i per cent NaOH 

S- 59 

43 - 80 

23 - 54 

Percentage increase or decrease due to treatment , 

+ 18. iS 

+ 9-45 

-f 16. 53 

Oat hulls, treated 1.5 per cent NaOH 1 

7 - 67 

44. 16 

18.61 

Percentage increase or decrease due to treatment i 

-4-62. 16 

-1- 10-34 

- 7-87 

Rice hulls, untreated 

5-65 

21. 98 

22. 72 

Rice hulls, treated 1.5 per cent NaOH. . 1 

5-67 

24. 10 

23- 09 

Percentage increase or decrease due to treatment 

+ 0-35 

+ 9-65 

+ I. 63 

Rice hulls, treated 3 per cent NaOH i 

5 - 67 

25- 28 

25. 10 

Percentage increase or decrease due to treatment 

1 + 0. 35 : 

+13- 01 

: -4-10.48 

Barley hulls, untreated 

13.41 ; 

23 - so 

14. 87 

Barley hulls, treated i per cent NaOH 

i 15-78: 

26. 61 

15, 83 

Percentage increase or decrease due to treatment 

+17- 67 i 

+ 13-23 

-f- 6. 46 

Barley hulls, treated 1.5 per cent NaOH > 

22. 55 

' 26. 21 

1 15.01 

Percentage increase or decrease due to treatment 

-f 68. 16 

+ 11 - S 3 

-4-0.94 

Cottonseed hulls, untreated 

5.87 

32- S2 

1 25. 29 

Cottonseed hulls, treated 1.5 per cent NaOH 

6. oS ! 

! 34. 10 

1 21.97 

Percentage increase or decrease due to treatment 

+ 3 - 58 

+ 4. 86 

1 -3:3. 13 

Flax shives, unseated 

1 6. 26 ! 

27. 16 

1 33 - 28 

Flax shives, Ueated 1,5 per cent NaOH 

i 6.89 1 

25.92 

i 32* 40 

Percentage increase or decrease due to treatment 

1 -f-io. 06 

i 

t - 4-57 

1 

1 - 2.64 


Increase. — Decrease. 


The losses due to treatment seem to be. distributed between the ash, 
proteinyfat, pentosans, and lignin. The most pronounced ■ losses occur 
in the pentosans and lignin. Even after all of these are accounted for, 
there is more or less loss of alkali-soluble constituents not; identified, 
which because of a' lack of complete identification are still grouped 
under the term nitrogen-free extract. In fact, in substances of this 
nature the nonnitrogenous materials are of such a complex nature and 
are so interwoven with each other that it does not appear possible to 
determine the' different constituents with quantitative exactness. This, 
difficulty' in the case of starch has led Armsby (a, , p. 7a) to remark 
that “unfortunately starch can be determined only more, or less ap- 
proximately.”" , 


Table VI . — Net loss of starchy eic.f due to treatment 


Material. 

Loss in pounds for each 100 
pounds of dry matter treated. 

Starch. 

Pento- 
sans. ' 

Lignin. 

Oat liidls, treated .1 per cent Na'OH. 


0. 9S 

00.S1 

Oat bulls, treated ' 1.5 per cent Na.O,H 

“1.67 

.68 

, 4 - 67 

Barley bulls, treated x par.'cent NaOH. . 


„BaTley,bttIils, treated i.,5- |»r cent NaOH 

“ 4 - 56 
.86 



Rjee bulls, 1.5 per cent NaOH ..... 

[ ' 1. 64 

i .. ' r- % 

[ ' '. s- 72 ! 

i'.-' ■ .' 7 - 73 ..: 
I--,' ! 


Bice halls, treated $ per cent' NaOH 

s' '. ■ ,- 9 ,x 

, ' -38 

j:.', '' ;, .'^*' 09 , 


CcttcKiM€d bulls, treated i.s '•^^t NaOH.- 

2* 52 

Ete: sblvest treated i%s per cent NaOH. . 

a* ^,3 

',, ^.'99 



» Bqcsrcmits a ®aiii, wbscli .ol coorse is impo^ible and is explainable only' on, 'the, basis of analytical or' 
exper;iimental error. . ■ 
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EFFECT OF SODIUM HYDROXID ON THE DIGESTIBILITY AND FEEDING VALUE 

OF THE HULLS 

This is revealed by a study of the digestion coefficients of the various 
eoiistitoents of the hulls. Tor the purposes of this investigation we 
need consider only the digestion coefficients of the total diy^ matter, 
crude fiber, n-itrogen-free extract, pentosans, and lignin. These are the 
important constituents, the protein, fat, and ash being present for the 
most part in unimportant amounts. Table VII presents the results in 
condensed form. For -the benefit of the critical student it is appropriate 
to remark that the digestion trials were conducted with the greatest care. 
Where the coefficients from two individuals differ materially, it should 
be borne in mind that work of this nature can not be controlled in the 
same way that laboratory determinations can be. Biological processes 
are too complex to permit it; and it frequentty happens also that the 
individuality of the animal exerts an infiuence on the final result. Ac- 
cc^rdingly the coefficients must be viewed as giving general ratlier than 
absolutely definite results. 

Careful scrutiny of the individual and average digestion coefficients 
reveals the following facts : 

The digestibility of the total dry matter was substantially increased by 
treatment in case of the oat, barley, and rice hulls. 

The digestibility of the crude fiber, nitrogen-free extract, and pentosans 
in oat, barley, and rice hulls was markedly increased by treatment. 

The results in case of lignin are not so consistent, but it must be 
remembered that treatment has changed its molecular structure, hence 
the data can not be considered of any particular value. It seems evident 
'that in the: untreated material, in several instances, some little use was 
made of the lignin complex, the results varying with the different mate- 
.rials. After treatment, in case of the oat, rice, and barley hulls the digesti- 
bility of the lignin residue seems 'to have been somewhat improved. In 
view, however, of our incomplete knowledge of the structure of the lignin 
molecule and of the varying results secured mth two sheep on the same 
material, it may be concluded that lignin is of quite doubtful value as a 
source of nutrition. Some investigators consider it to be entirely indiges- 
tible. 

In addition to the facts mentioned under Table VII, the following 
general statements seem to be warranted : 

Expressed on a percentage basis, treatment with varying strengths of 
dilu'te NaOH invariably increased the total digestible dry matter of oat. 
hulls, barley hulls and rice hulls. Tn the majority of cases it also in- 
creased markedly the digestibility of the important constituents, of these 
materials. ■ 

Cottonseed hulls and flax shives appear to have been unaffected by the 
treatment. It is probable that the' lignin-cellulose, linkage' was broken 
'only to a slight extent, due no doubt .to the higher degree of lignification 
in these .materials, as compared with the hulls of the cereal grains. ‘ 

Although the rice hulls showed' by far the greatest response to the action, 
'of 'the soda, ';the' original material was so mudli inferior,, in, digestibility to 
■the untreated oat and barley hulls that 'the. net. res,ultnf' treatment was a 
,produet' considerably . inferior in '.total -digestible nutrients even to the 
untreattti oat hulls; hence the'action of'Soda'on'.this material is not likely 
tOvbe of 'eeonoinic vatee,' 
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Tabi.E VII . — Digestion coefficients {individual results and average of two sheep) 


1 

Material . ! 

j 

.. i 

Sheep. 

Total 

dry 

matter. 

Crude 

fiber. 

N-free 

extract 

Pento- 

sans. 

Diguin. 

1 

Oat hulls, untreated 1 

IS 

36.37 

56.32 

31. 73 

33-43 

11:23 

Do 

II 

56. II 
36- 24 

48. 82 
52- 57 

36. 42 
34- oS 

38. 38 
35. QX 

(«) 

Oat hulls, treated i per cent NaOH 

16 

26. so 

57-88 

26,65 

St. 18 

(a) 

Do.. 

17 

70.37 

82.77 

64. 67 

71. 07 

39-63 

Oat hulls, treated 1.5 per cent NaOH 

12 

73- 3 r 

84. pr 

71 - SS 

84- S6 

28. 15 

Do, 

13 

87. 90 

97. 22 

86. S3 

62. 99 

46.56 



80. 61 

91.07 

79 - 04 

73 - 78 

37-36 

Increase due to treatment (i per cent NaOH) 


J 34 - 13 

6 30. 20 

^ 30. 59 

1 35 - 16 

& 28.40 

Percentage increase 


® 94 - 17 

^ 57-43 

6 89. 76 

6 97. gt 

0 252. 89 

Increase due to treatment (1.5 per cent NaOH) 


44-37 

38.50 

44. 96 

37. 87 

26. 13 



122. 43 

73 - 24 

131-92 

xos. 46 

232. 68 

Barky hulls, untreated 

16 

6S- 77 

42-73 

64. 24 

50. 02 

tg. 76 

Bo 

17 

53 - 17 
SO - 97 

46. 86 
44 - 79 

55 - 47 
59 - 85 

44 - 77 
47 - 40 

(«) 

Barley hulls, treated x per cent NaOH 

16 

64.56 

37 - 99 

70. 04 

52- 87 

23* 8s 

Do 

17 

72.83 

66. 55 

79 - 57 

76. 91 

45 - SS 

Average 


68. 69 

52. 28 

74- Si 

64- 89 

34-70 

Barley hulls, treated 1.5 per cent NaOH 

16 

79 - 49 

70. 76 

81. 98 

73.91 

(«) 

Do 

17 

85- 52 

91. 80 

87- 22 

92. 16 

(V 

Average 


82. so 

81. 28 

84. 60 

83.04 


Increase due to treatment (i per cent NaOH) ! 


S. 72 

7.49 

14- 96 

X7. 49 

15.96 

Percentage increase ; 


X 4 * S 4 

16. 72 

25. CO, 

36. 90 

84 . 97 

Increase due to treatment (1.5 per cent NaOH) ' 


22. S 3 

36.49 

24 - 75 

25. ,64 

(a) 

(a) 

Percentage increase 


37- 37 

81.47 

4 X- 3 S 

75 - 19 

Pvice hulls, untreated 

9 

' («) 

(a) 

14-57 

5-34 

(«) 

Do 

Average 

12 

4.97 

12. oS 

5- 21 

9. 89 

1 (®) 

w 

Rice hulls, treated per cent NaOH 

9 

23 - 72 

20. 28 ' I 

35 - 'O4 ■ 

; 1 

: 51.36 

X3. 87 

Do 

II 

34 - 60 

36.67 1 

41.04 

’ 60 . 43 

iS. 06 

Average,. ■ 


29. 16 

1 28. 48 ! 

i 38. 04 

i 55 - 92 

: 1 . 5 - 97 

.Rice hulls, treated 3 per cent NaOH 

18 

34-02 

28. 42 1 

' 50. S 3 

i 48. 9 X 

1 10. 97 

Do 

19 

33 - 96 

22. 71 1 

! 39 - 57 

\ 29. 27 

1 21. 73 

Average 


33 - 99 

25 * 57 1 

45 - 05 

! 39 * 09 

I 16. 35 ' 

Increase due to treatment per cent NaOH) 


i 24. X 9 

16.40 j 

28. IS 

! 52. SS 

1 jS -97 

Percentage increase 


486. 72 

, 135 - 76 1 

i 2S4. 63 

11,674.25 


:iiicrease due to treatment (3 per cent NaOH) 


29. 02 

X 3 * 49 i 

i 35 - x6 

! 35 - 75 

1 x 6 - 35 

Percentage increase 


583- 90 

III. 67 

1 3 SS- 5 X 

:;r, 170.36 i 

(fl) 

Cottonseed hulls, untreated 

xS 

46. c6 

54.00 : 

54 - 74 

1 92. 26 i 

(a) 

Do 

19 : 

59 - 98 

62, 41 

62i 66 ■ 

88.10 : 

31. 26 

Average 


53-02 ; 

58. 21 

58. 70 

go. iS 


Cottonseed bulls, treated i.s per cent NaOH 

18 

SI. 84 : 

S'I -29 

66. 84 

108. 87 

(°) 

Do... : 

Average. 

X 9 

S 7 - 2 X : 
54 * .52 

53 - 83 
S2. s6 

68.53 

67. 69, 

92. 70 
100. 7S 

9 - 45 

Increase due to treatment 


V.50 

■is. 6s 

' S.99 

10. 60 

d 21. 81 

Percentage increase 


2. S3 

d 9. 71 

.XS.32 

11. 75 

d 69. 77 

Rlax shives, untreated 

IS 

(«) 

{“) 

1 ^ 3-92 

6. 91 

(«) 

Do... ■ 

X 9 

30. 15 

iS. 67 

1 33- x8 

25.36 

27 - 79 

Flax, shives, treated 1.5 per cent NaOH 

1 iS 

18.31 

20. IS 

! 3 X .34 

39 - 09 

(®) 

Do...... 

19 

( 39-21 

' 25-37 

45 - 43 

46.32 

20.32 

. Average 


! 28. 76 

22- 76 

i 38. 38 

42. 71 


Increase due to treatment 


I.4X 

4.09 

j s- 20 

X 7 - 3 S 

d 7.47 

Percentage increase 

i 

1 d 4. 61 

21. 91 

j 15.67 

63 . 41 

d 26. 88 


® Negative. ' 

& li'or some reascm sheep i6 did not digest the oat hulls fed in this trial at all well. ' As it is not wise to 
average results which vary so vddely as do those for these two sheep on this material, the figures for sheep i6 
ill this trial are not made use of in subsequent calculations.' 

c.Can not be computed; no basis to start from, as digestibility of lignin in the untreated material was nil. 

^ Decrease. 

;« It would be unwise ,to average these results. The figures for sheep 19 are employed in the subse- 
quent calculations. 

: ■Wli'ere varying strengths of NaOH were used on the same material, an 
increase, in strength of solution was almost invariably accompanied by a, 
considerable' increase in digestibility of the hulls, most marked when thC" 
comparison, was between i per cent NaOH and i.5,per cent NaOH, not so. 
marked where,;3 .p^er' 'cent NaOH was: used. , ,'In this connection it,. shO'Uld 
be noted that losses in weight 'due to treatment were slightly increased by 
an increase in strength' of the soda. ■. 
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Tabi^E VIII. — Effect of varying strengths of sodium hydxoid in increasing digestihiliiy of 

fibrous material ^ 


Percentage increase over untreated bulls. 


Solution used. ! 

Total 

dry 

matter. 

Crude 

fiber. 

N-free 

extract. 

PentO" 

- sans. 

nignin. 

1 per cent NaOH (oats) 

I per cent NaOH (barley) i 

j.c per cent NaOH (oats) 1 

1.5 per cent NaOH (barley) i 

1.3 per cent NaOH (rice) i 

3 per cent NaOH (rice) i 

94. 17 
14 * 54 
122, 43 
' 37 - 57 

486. 72 
583- 90 

57 - 45 
16. 72 
73 - 24 
Si. 47 
135- 76 
III. 67 

1 

89- 76 

25.00 
131.92 
41-35 
2S4. 63 
3 SS- 51 

97.91 
36. 90 
105. 46 
75 - 2:9 

1,674-25 

i 1,170-36 

252. S9 
[ 84- 97 

232. 6S 
(b) 

1 (0 

, w 


a The cottonseed hulls and flax shivcs are not included in this stimitiary because of the negligible effect the 
soda solution had on their digestibility. 
b Negative. 

c Averages not available for lignin because of varying results in its digestibility. 


As a rule, increases in the relative amount of a component due to treat- 
ment were accompanied by an increase in its percentage digestibility. 

Taking into consideration both the loss in weight and the increased 
digestibility due to the action of the soda (see Tables IV and YI ) we obtain 
net gains as shown in Table IX. 

Table IX . — Average net gain in total digestible dry ^natter and in the iniportant digestible 
nutrients of oat hulls and barley hulls on the basis of 100 pounds of dry matter treated 


i 

Material. 

1 Total di- 
1 gestible 
dry 

; matter. ; 

1 

Digest- 1 
ible 
crude 
fiber. 

Digest- 

ible 

N-free 

extract. 

Digest- 

ible 

1 pento- 
sans. 

Digest- 

ible 

lignin. 

Oat hulls, treated 1 per cent NaOH 

Oat hulls, treated i.s per cent NaOH 

Barley hulls, treated i per cent NaOH 

Barley hulls, treated 1.5 per cent NaOH i 

i 7-72 

1 31-04 

i ^ 4-55 

1 5 - 79 

t 

5-47 
c 19- 14 
2. Si j 
8.18 i 

i 

i 

3. 60 
11*59 
^ 3- 68 
11.31 

i 

II. 81 
IS- 88 
4, Sx 
,8.46^ 

a 7. 06 
2.94 

. ' 3 - w 
(«) 


« Referring to Tables IV and VI it will be seen that the total crude fiber and total lignin of oat hulls 
each showed a net gain instead of a net loss after treatment. As already noted, this is impossible, so the 
results in question are obtained by assuming that no loss of these constituents was involved. 

b This result represents a net loss. 

« Digestibility of lignin in this instance was a minus quantity. 

Considering the net gains as shown in the table, it can be said that 
with one exception (barley hulls, i per cent NaOH) the increase in digesti- 
bility .outweighed the loss by solution in the soda. It is questionable, 
however, whether in those materials showing the smaller gains the in- 
crease would offset the cost of treatment. The extra 0.5 per cent of 
sodium hydroxid app.arently makes a great difference in the final result. 

The barley hulls probably ^ would have made a more favorable compari- 
son with blie oat hulls had they not contained so much starchy material. 
Unfortunately, the separation ■ of .the endosperm from the hull had not 
been nearly so complete as in the case of' the oat liiills (due in part, prob- 
ably,/' to : the' greater tenacity with which the,, barley hull clings to the 
.endosperm, ,or possibly to a less perfect me,chanical method , of separa- 
"tion), and as a result there was quite a large amount of the floury portion 
of the gr,ain' adherent to thehulis.' , , ■ ■ . 

' 'On a, dry-matter basis,' the dlges-tible matter dn a ton of 'oabhulls-was' 
increased by, treatment with 1.5 per cent NaOH from 725 pounds, to.,, 1,345 
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pounds, tlie digestible crude fiber from 349 pounds to 732 poimds, and 
the digestible nitrogen-free extract from 390 pounds to 622 pounds. The 
digestibility of the pentosans, which are distributed between the fiber 
and nitrogen-free extract, was increased from 287 pounds per ton to 605 
pounds. In short, the feeding value of the oat hulls was about doubled. 
It seems that such a result should \yarrant further investigation with the 
idea of making the process of economic importance. 

SUMMARY 

This paper reports the results of an investigation on the problem of 
increasing* the digestibility and feeding value of grain hulls. 

A review" of the literature shows: 

1. That the important constitnent of the cereal and other straws is lignocelltilose, 
a compound the chemistr}^ of which is not fully understood. It is known, however, 
that it consists of cellulose linked in some manner with lignin and that the presence 
of the latter compound is characterized by the splitting off of methoxt^ (CHg.O) groups 
upon hydrolysis. 

2. That the action of dilute alkali on fiber is thx'eefold, consisting of separation of 
the silicic acid which forms a part of the incrusting material, splitting off of the me- 
thoxy groups of the lignin with formation of acetic acid, and springing of the bonds 
which exist between the lignin and cellulose. 

3. That practically all of the work on this problem has been carried on in Germany, 
most of it since the commencement of the World War, and the material most generally 
investigated has been straw, the digestibility of which has been decidedly increased. 
Grain hulls do not appear to have been worked with heretofore. 

In our investigation tlie metliod used for treatment of the hulls was 
that of Beckmann. The materials treated were oat hulls, barley hulls, 
rice hulls, cottonseed hulls, and flax shives. The hydrolyzing agent was 
cold dilute sodium hydroxid, the strengths employed being i, 1.5, and 3 
per cent. 

Most satisfactory results v/ere obtained with NaOH of 1.5 per cent 
strength; i per cent was apparently too dilute, and 3 per cent in the one 
instance used' did not have sufficient increased action over the 1.5 per 
cent to warrant its use. 

The effect of the alkali on the composition of the hulls was ascertained 
by the usual me^thods of fodder anatysis, supplemented by determination 
of some of the ultimate constituents of the hulls both before gnd after 
treatment. 

The result of treatment was a decrease in all proximate constituents 
except the crude fiber, which from an absolute standpoint remained 
practically the same but relatively was considerably increased. 

Losses in weight due to the treatment were noticed in all materials; 
they were greatest in the ' case of the flax shives (25 per cent) , and least 
in the case of the cottonseed hulls (9.7 per cent). 

The effect of the alkali on the digestibility of the hulls was ascertained 
by the ' usual methods employed in digestion experiments, sheep' being 
the animals used. As a result of the treatment with 1.5 per' cent NaOH 
the. 'digestibility of the important constituents of oat hulls 'and barley 
hulls was ''markedly increased, 'the feeding' value of the oat hulls being 
doubled. The digestibili'ty of rice hulls^' was also improved greatly, but 
not sufficiently to be of economic significance. . The results with 'cotton- 
seed hulls and flax shives were in the -'main 'negative. ' ' ' ■ 

' Since the digestibility of oat and.- barley' hulls is greatly improved' by 
the action of dilute alkali, some ■method'":shouM'' be devi.sed that'.' could be. 
applied on an economic scale.'.' Also, "a.'method for the impro'vement' of ■ 
the digestibility of cottonseed hulls is worthy of further, attention. 
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• THE TISSUE FLUIDS OF EGYPTIAN AND UPLAND 
COTTONS AND THEIR F^ HYBRID ‘ 

By']. Arthur Harris j Investigator^ Station for Experimental Evolution, Cold Spring 
-Harbor^ Collahoraior, Bureau of Plant Industry, United States Department of 
,^^eiiiiure; ZONJA Wallsn Lawrence, Associate in Chemistry, University of Chicago^ 
j Field Assistant, Bureau of Plant Industry, United States Department of Agriculture, 
igsi/W. F. Hoffman, Instructor in Agricultural Biochemistry, University of Minne- 
'"soiaf PieM Assistant, Bureau of Plant Industry, United States Department of Agri- 
.. culture; John V. Lawrence, Associate Professor of Pharmacology , University of 

* Cincinnati^ Field Assistant, Bureau of Plant Industry, United States Department of 
AgficuliurCi Ip2i; A..T, VauenTinE, Field Assistant, Bureau of Plant Ind-nstry, 
United States pepartmeni of Agriculture, ig20-ig2i. 

• ■ INTRODUCTION 

This paper has a tw^ofold purpose; (a) The presentation of the results 
of an investigation of the physicochemical properties of ' the leaf tissue 
fluids, -of Egyptian and Upland cotton as growm under irrigation at 
SacatoUj Ariz. ; (6) a comparison of the properties of tlie leaf tissue fluids 
of the Fj hybrid between these two. cottons with those of the two parent 
types. 

The consideration of both of these groups of problems rests on the re- 
sults 'of. much antecedent work. 

• In .a series of investigations carried out in natural plant habitats the 
writers, have sliowrn that .there, is. a close relationship between the aridity 
of the habitat and the osmotic concentration of the plant tissue fluids of 
the .native vegetation. These results, obtained by careful cryoscopic 
measurements in. the southwestern deserts (jo)^, in the mesophytic 
habitats of the Eastern United States {sg), in Ae Jamaican deserts {26) 
and ..rain forest in the mangrove swamp (27), and in many other 
localities for w^hich the data are not yet published, fully substantiate 
and greatly extend the general conclusions drawn from tlie earlier plas- 
molytic determinations by Brabble and Drabble {14) and' by Fitting 
.(15). That the osmotic concentration of tlie plant tissue fluids is a 
factor of importance in determining the capacity of tlie plant for survival 
under conditions of aridity is suggested by work on the relationship of 
the loran'thaceous parasite to its host, as- investigated by plasmolytic 
studies by Senn {4P), and by cryoscopic studies on both Tain forest and 
des^ert (20, 25, jj). 

Uoncurr-ently witli these investigations on tlie osmotic concentration 
.and electrical conductivity of plant tissue fluids, another group of ■ workers^ 
among who-in, Wherry has -been the most active, has , furthered iiivesti,ga-' 
tions on the relationship .between' s-oil acidity and plant distribution. 
In this place it will suflSce to refer to the more recent reviews, by" W’h.erry 
J5r) .and. by Atkins (2)., 

..' ■From the' earliest stages of -the investigations we realized '."tlie. 'desira- 
bility -of investigations of the sap properties of agricultural plants. Since 
natural, vegetations .. have been -.'shown to differ in. the ph.ysicoche.iiiicai 
properties of their tissue fl'uids, it would seem , -quite, reasonable to, -assume 
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tfiat the properties of tlie tissue Hiiids of crop plants may be of importance 
ill cieterminiiig tlie possibility of their 'growth and productiveness under 
the varying soil and atmospheric conditions of different regions. 

This assumption (which receives additional support from the work 
i^rhich has been done on native vegetation as an indicator of the suita- 
bility of land for crop production, as developed by Shantz (49), by 
Kearney, Briggs, Shantz, McLane, and Piemeisel {41), and by Clements 
(ij) seems so reasonable that it liecomes. of the '^eatest importance to 
deterniine to Yrhat extent species and varieties which are of agricultural 
and horticultural importance are differentiated with respect to the 
ph3"sicochemical properties of their tissue fluids, and to ascertain in how 
far observed differences in these properties represent innate and rela- 
tively constant differences and to what degree they are the resultant of 
var3^ing environment conditions, such as dr3mess and salinity of soil, 
insolation, and the evaporating power of the air. 

From the beginning of these investigations^ we-also .■foresa^^the■pos- . 
sibilities of a consideration of the relation of the physicochemical prop- 
erties of the plant tissue fluids to the relative vigor of hybrid and parenM 
forms and to other problems in genetics. For the past several years we 
have, therefore, been seeking the materials and opportunities for an 
investigation of the physicodiemical properties of the tissue fluids of 
heteroz3'goiis individuals as compared with those which are homozygous 
for one or many characters. It seemed desirable if possible to obtain 
parent forms which themselves differed in respect to such tissue-fluid 
properties as osmotic concentration, specific electrical conductivity, and 
hydrogen-ion concentration. 

Cotton as grown in Arizona and California is of interest to the physiolo- 
gist because it is of necessitt" grown on irrigated land where the salt 
content of the. soil ma}’^ be relativety high and because it is a plant with 
heavy and watery foliage, which must nevertheless be grown under the 
conditions of temperature and insolation of a fairl}’' severe desert climate. 
Both of these factors-— economic importance and peculiar conditions of 
growth^ — combine to render of special importance the investigation of 
any physiological peculiarities of the plant which may influence its 
capacity for grow^th under the rigorous conditions of the Southwest. 

HISTORICAL 

The earlier literature of Egyptian cotton as grown in Egypt has t>een 
summarized, or at least cited, by Balls (4), who has more recently con- 
sidered certain problems of gro^ddi and 3deld (7). We make no. attempt 
in this place to review, the purely agronomic literature on American 
cultivation of Egyptian cotton, much of which is cited in a paper de- 
scribing the American-Egyptian cotton industry, by Scofield, Kearney, 
Brand, Cook, and Swingle (47). Mention should be made also of the 
recent investigations of King (43) .on water-stress behavior of' Pima 


, , IS**®. Or.' T. H. Kearney, physiologist in -charge of alkali and drought-resistant plant investigatlwis, 

..Bureau of Plant Industry, and Mr. .G. H. Collins, botanist in charge of bio.physica! investigations. Bureau 
' of 'Pfant Industry, recognizing the possible agricultural bearing of the n^its already obtained .front the 
studies^ of native vegetation, invited us ,to undertake investigations on the physicochemical prop'erties of. 
.native indicator plants and oi crop. plants in the arid West. 

'. ''These 'field' operations have mcludcd studies on the. naUvevegetatitm of ;rt»ele. Valley, Utah, of cermls 
gxoym under dry farm a'griculture at Kephi, Utah, and 'on Egyptian and Upland ;cbtton' grown under' irri- 
gation at Beaton, Am. ' 'W^ile a.ll these studies in. the arid West are mutually supplementary, and .should 
be amsidered m thel'r entirety, they must be presented .in sections. - The'-present paper. deals'ar'ClusiV'eSy 
with a ccTOparison of Egyptian and XTp.|and cotton and their Fi hybrid. 
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Egyptian cotton in Arizona and of the investigation of cross- and seif- 
fertilization as related to the maintenance of purity of strains by Keamey 
(j9). These furnish a key to the more important literature. The con- 
tents of a number of chemical papers on the cotton plant do not in- 
terest us in this connection. 

Limiting our attention to the very meagre literature of the relationship 
of the cotton plant to soil salinity and dryness, we may note that 20 years 
ago Kearney and Means {42) found that in fields in the neighborhood of 
Alexandria, Eg>^pt, where the washing used in reclamation had not yet 
been completed, the salt content of the upper 2 feet of the soil was^ 
among good plants, 0.6 per cent; near occasional plants in partly bare 
ground, i.S per cent; on wholly bare ground, 2 per cent and higher. 

' * These figures indicate an exceptionally high degree of resistance in the 
cotton plant, marking it as one of the very foremost in this respect of the 
world's great crops." Further nonquantitative notes on the occurrence 
of cotton on saline land are given. 

Finally, Keamey {36) has discussed the growth of Egyptian cotton 
on alkali soils. His results indicate that with alkali of the type found at 
Sacaton the fruitfulness of the plants is likely to be impaired when the 
salt content exceeds 0.4 per cent of the dry weight of the soil. This, he 
concludes, would seem to be about the limit for profitable production of 
this crop in the presence of alkali of the type found at Sacaton, although 
he observed that the quality of the fiber does not necessarily suffer in 
the presence of 0.55 per cent of salt. He found that the moisture capacity 
of the soil is an important factor in determining the size, vigor, and fruit- 
fulness of Eg3q)tian cotton plants. The alkali resistance of Eg3q>tiaE 
cotton is relatively high when other conditions are favorable. It would 
appear that a fair yield of fiber of good commercial qualty can be obtained 
when nearly one-half of i per cent of the total ^y weight of the soil 
consists of readily soluble alkali salts, provided that carbonates are 
absent or form only an inconsiderable proportion of the total mineral 
solutes. , 

The only literature on the salt content of the Egyptian cotton plant 
of which we are aware consists of two short papers by Balls (5, 6), 
both of which came to our attention after this manuscript was practi- 
cally completed. 

In the first of these (5) he calls attention to a chance result which 
indicates that the tree cottons and Egyptian cotton bring up from 
deeper layers and deposit on the surface of the soil through the shedding 
of Aeir leaves suffident quantities of substances, of whidb NaCl is one 
constituent, to render the soil unsuitable for other plantings. 

In the second {6) he compares the chlorid content of three pure strains 
of Egyptian cotton grown at Gizeh, Egypt, on land which contained not 
more than o.i per cent of NaCl in the surface layers, even after"' long 
deprivation of water. From these analyses, which are few in . number 
and 'hased on the dry weight of the leaves only, he concludes that 'Egypt- 
ian^ cotton growing under t3rpical field crop conditions has a ' 'salt ' content 
which indicates :a concentration' of 0.3 per cent NaCl in.;the leaf cell sap.,' 
This^ concentration varies with the salinity of the soh, ; ''thou^^ not ' pro- 
portionally. , It also varies with the ' . particular pure 'Strain '"'or, variety. ' 
Plants of two Egyptian strains' growing "'Mth/ interfeiing , root ': 's 
mRj show differences of as much as 10 : 7 in the salinity of their cell sap. 
This fact, he suggests, may have some utility in the breeding of strains 
'.for the' salty lands of' the nO'rthem,' ddta' of Egypt. ' 
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In condtisioB, Ball makes the significant suggestion: “Egyptian cotton 
(Gossypmm peruvm?mm) may be classified as a facultative halophyte.'' 

As 'far as we are aware the only previous work on the hydrogen-ion 
concentration of the tissue fluids of cotton is the single determination of 
Pg 4.6 in leaf, stem, and petal tissue given by A^itis (j). As will ^ be 
shown later, this represents a distinctly higher acidity than that which 
we "have found in any instance in the leaf tissue fluids of cotton. 

MATERIALS AND METHODS 

Since we are here dealing with a problem in which every possible source 
of error: must be considered, and in as far as possible eliminated, in order 
to secure conclusive results, we shall describe the materials and methods 
employed in some detail. The importance of these details is not, we 
believe, overemphasiz^ed. 

A detailed discussion of the Egyptian and Upland types of cotton and 
of their hybrid is not necessary in this place in view of the fact that 
the results of an investigation of the hybrids which has been in progress 
for the past several years have been published {40). The data given 
by Kearney in regard to height of plants and dimensions of the leaves 
were confirmed by measurements made on the material used by the 
writers in their investigations in 1921. It need only be mentioned here 
that' the Egyptian and Upland types differ in a large number of mor- 
phological characters, the differences being of a kind and degree indi- 
cating that they belong to very distinct botanical species, '^dien the 
two types are grown under comparable conditions tlie Egyptian plant is 
taller and has longer intemodes and branches and larger, more deeply 
lobed, thicker, smoother,, and darker green leaves than the IJpland plant. 

<5ENEXIC nature of the seed EMPLOVED, and CHARilCTERISTiCS OF THE 
varieties and of their Fj hybrid 

Three varieties of cotton are considered in this paper: Pi,nia represents 
the Egyptian, while Acala and Meade belong to Ae Upland group of 
cottons. 

The following is the history of the Egyptian and Upland seed employed 
for the special cultures upon which the physicochemical determinatioas 
were made in 1921. The origin' and characte,ristics of the Pima variety 
have been described by Kearney The “Pima selfed'' seed was 

obtained by selfing a number of plants in, a progeny designated Pima 
Hr — 5 Acala A, which.was grown at Sacaton in 1920. This progeny 
was derived, by three generations of^ controlled self-pollination, from 
progeny Pi-40 of 1917, which had been^ derived by three generations of 
controlled self-pollination, from plant Pi,- selected in 1914,.,, The line of 
descent of, Pi-40 has been described elsewhere (38), The “ Pima selfed^* 
-material of this experiment represented, therefore, seven,: generations of' 
strict inbreeding and was presumably approaching homozygosity. 

The origin and characteristics of the Meade variety, are, described by 
Meloy and Boyle {46), 

The Meade ^Ifed'' seed was secured by self -fertilizing a few plants 
of Meade^ cotton grown at Sacaton in 1920. These were grown from 
se&d harvested from experimental plantings in Georgia, conducted 
under the direction of Dr. O. F. Cook,, of the Office of Acclimatization 
and Adaptation Investigations of the Bureau of Plant Industry. This 
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seed came from isolated cultures of naturally pollinated (not ■ selfed) 
plants, Mr. G. S. Meloy, who furnished the seed, considers it pure 'as 
far as ¥arietai cliaracters are concerned. It is not, however/ 'as closely 
inbred as is the, Pima selfed*' of the experiment. 

The '‘Pima bulk** of the experiment was grown' from seed from a 
selected but not strictly inbred strain. While unquestionably pure Pima, 
it was not of controlled, self -fertilized, ancestry. 

■ The Meade bulk and the Acala ^ bulk used in the' planting were both 
from lots of seed sent to 'Sacaton by Mr. Meloy in 1919 and held over 
tmtiTi92i. Both are supposed to be varietally pure,- although not 
resulting from controlled inbreeding. 

The Fj hybrid was derived as follows: The Pima parent of the P X M F;i 
used was a plant representing the sixth inbred generation in progeny 
Pima Hi-2 A qi 1920, a sister progeny of PH 1-5 Acala A which furnished 
the “Pima selfed*’ seed in the experiment. 

The Meade parent of the P X M Fj was a plant grown at Sacaton in 1920 
from seed obtained from the experimental plantings in Georgia. This 
plant was one of a lot grown from seed produced by naturally pollinated 
(not selfed) flowers- in an isolated planting of this variety in Georgia, and 
was considered “pure** by Mr. Meloy, who sent it to Sacaton. - 

Flowers -were selfed on a few individuals in the 1 920 planting at Saca- 
ton, and these furnished the “Meade selfed** seed planted in the physico- 
chemical experiments of 1921. Thus the Meade parent of this hybrid 
was by no means so closely bred as the Pima parent. 

It may be noted that the seed used was not of exactly the same age 
for all of the cultures. This difference in age probably does not influ- 
ence the physiological characteristics of the plants in any way, since the 
cotton seed is very long lived.® 

The Fj hybrids between Egyptian and Upland cotton show intensi- 
fication in most size characters. In respect to other characters the hybrid 
mean may be intermediate or may approximate that of one or the other 
parent. , The F^ is highly uniform. The greater vegetative vigor ' is 
conspicuously shown by the accompanying plate (PL i), in which' the 
Fj hybrid is shown between the Egyptian and the Upland parental 
types, 

CUUTORAn methods 

In preparing the planting scheme it seemed desirable to grow- the plants 
under' the standard conditions of the Cooperative Testing Station experi'^ 
ments with the cottons. This involved the use of an irrigation border 
26.5 ' feet in Width by' 400 feet in length. This , accommodated seven 
rows',, of cotton 3.5 feet apart, with plants i ' foot apart in the rows. In 
order to avoid the influence of soil heterogeneity, which has been shown 
to , be, an., important factor in crop 3rields (ax, ja), and, which may reason- 
ably ,be' assumed to be an important factor in determining the physico- 
chemical , properties ,'of the tissue fluids ,of the plant organism in regions 

Ac».la is. aH, Ilpland variety of M,ex'icaii origin-., introduced by O. N. CoHias and C, B. Doyle, and adapted 
by selection to conditions in tb.e 'Onited,- States . by O. F. Cook and ids 'CoBe&gum. • Acala is.'.a' faig-bdiied' 
type, producing' fiber from lA to long- 

® It ttas been found that Pima seed y?bicb had been'sttred at Sacaton during nine yeafs genninatei teaM 3 i!y 
when planted. Moreover, the stock of Pima, planting seed distributed to farmers in the Salt River Valley . „ 
in the spring of 1931 had been held over one' year 'at Tempe. In order to make sure that ite viability was 
tuiiatpaired, the gmoination was thoroughly tested by the seed laboratory of the Bureau of Plant Industry 
lust b^ore the se^ was distributed, and the average germination peroeatage proved to' be exactly the saw® 
as that for the same stock erf seed shorUy after it was harvested. The s^ed was approximately one yea? 
older when the senond series of geixoination were made. iThere-is a posdbiiity that .seed of the Upland 

.cottom may lose; its' viability more mpidly, but thiS' is improbable, ■ 
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ia whicli tlie soil is ricli in inorganic solutes, it seemed essential ^to dis- 
tribute the Egyptian and Upland cottons and their hybrids uniformly 
over the field. 

The plan adopted is shown in figure i. Here the heavy line indicates 
Pima Egyptian, the broken line indicates Meade Upland, the light solid 
line indicates Acala. Upland, and H denotes a hybrid plant. Beginning 
at the south end of the field, lo feet of each row was planted to Pima 
cotton. On four of the rows (i, 3, 5, and 7) . one hill of hybrid was 
planted. On the first and fifth row self-fertilized Pima and Meade seed 
was used. .For die other rows bulk seed %vas employed. 



Fig. I.— Planting scljone for comparison of Upland and Kgyptian cottons and their Fi hybrid. Only 
the two ends of the plot are shown. The heavy solid line represents plants of Pima Egyptian, the brokas, 
line plants of Meade Upland, the light solid line plants of Acala Upland, and the letter H an Fj hybrid 
plant. The term duplet is used to designate plants of Egyptian and Upland which are contiguous and 
in the same row. The term triplet designates an Fi plant (H) having Egyptian plants on one side and 
Upland plants on the other, all in the same row. 

The Pima cotton and the hybrid, when it occurred, was then followed 
by 20 feet of Upland cotton, which was followed by 20 feet of Pima on 
rows 2, 4, and 6, and by a hybrid plant, and then by slightly less than 20 
feet of Pima on rows i, 3, 5, and 7. Thus the length of the plot, afforded 
space in each row for 9 subrows, each of 20 feet, and for 2 half-subrows, 
each of 10 feet, of Pima cotton, and for 10 subrows, each of 20 feet, of 
■Upland cotton. In the rows which contained hybrid plants the space 
for the Pima and Upland subrows was slightly shortened to make' room 
for , 'the hybrid hills. The .spacing in the. rows of the individual plantS' 
of , all varieties and hybrids was. identical.' . 

': This plan' distributed plants, of all types to be compared, uniformly 
over the entire field. 'Collections were made at the 20 points, of contact 
of Egyptian and Upland cotton, or of Egyptian, ' hybrid, and . Upland 
cotton in each of the rows. The . hybrid plant and the C'ontiguous Egyp't- 
ian and Upland plants, are designated, as. a triplet . 'The 'contiguous,' 
plants of Egyptian and Upland cotton in the rows containing no,' hybrid 
individuals are conveniently designated as. a duplet. ' 
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The cultural technique was that generally employed for the growth 
of Egyptian and Upland cotton at the Cooperative Testing Station at 
Sacaton. Since all the materials considered were grown tinder as nearly 
as possible identical conditions, it seems unnecessary^ to detail these 
methods here.® 

connBcTioN of samples 

Cotton is not in i'ts morphological features a desert plant , It wilts 
readily and must be copiously supplied with irrigation water in order to 
produce a crop under the intense heat and scanty- precipitation of the 
Southwest. During August the plants and the condition of the soil in 
which, they^ are growing are continually varying, not merely from day to 
day but literally from minute to minute. Immediately after irrigatioiii 
in which tlie whole surface of the '‘border’’ is flooded with a sheet of 
water, the soil is fully saturated wdtii water, bitt this is lost very" rapidly. 
Water loss from whe-, plants through transpiration increases very . rapidly ■ 
after sunrise, and great care must be taken not to obtain samples of leaves 
which have already begun to wilt. Vl'lien there is a heavy dew in the 
morning, as occasionally occurs after the summer rains have begun, it is 
difficult to secure samples in the limited period between the time when 
the leaves have scattered droplets of external moisture and the time 
when they begin to wilt under the influence of the intense insolation. 

Because of the continual changes in the condition of the plants, the 
taking of the samples is one of the most exacting features of the work. 
In addition to tlie care necessary" in selecting the brief period most suit- 
able for taking the samples, two possible sources of error had to be care- 
fully avoided. ■ ■ 

Ihere must be introduced no artificial source of differentiation between 
the two species under consideration, or between the species and their, 
hybrid, through the taking of the samples from different portions of' ‘the 
field or at different times. 

The leaves taken from the plants to be compared must be compara- 'f 
ble in maturity. 

Artificial diferentiation between the species or betirveen the species 
and their hybrid may be avoided in cases in which the varieties to be 
compared belong to the same duplet (rows 2, 4, and 6) or the same 
triplet (rows i and 5 and rows 5 and 7) by making sure that collections' 
are taken simultaneously from the two. or three members' of the duplet ^ 
or triplet. 

In the first series of collections (1920) it was possible' to avoid the 
influence of heterogeneity in the soil .' Conditions’^ because of the . fact 
that in. a number of breeding experiments under way at Sacaton, ' Pima 
cotton ' .and 'Upland cotton varieties were gro’iTO side by side iii ,the,''S:am,e 
plot or border.” ' All collections were taken from ■ adjacent rows or, 
from closely associated plants in the same row. ,In the ' investigations 
of '192,1, the possible influence of '-this .factor, w^'as precluded by^' a special 
planting , scheme, as described above.- 

,'To' avoid, the possible infl,uence of time variations, the. , samples from'' 
th,.e two 'or three;, 'mem'bers of the .duplet, or triplet were taken .at aS',| 

« We are greatly indebted to Mr. Walter F. Gilpin., wbo cax-dnEy m-ade, the took, some' of', the- 

riKOfds and facilitated oiir work in other ways. . 

^ Readings made by Mr. Kearney with .the soil 'bridge, on samples taken in the neighborhoc^ 

oi the variom sets of tissite samples, indicated differences' in the' salt content'. from place to place in the 
fidd,. , 
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nearly as possible tlie'same titiie.. Probably not mote tliaii five min- 
' utes elapsed In any' case between the sampling of any ' two members of 
a group. Generally the time was mticli less than this. Probably ’no 
appreciable source of error w^as introduced in this i¥ay. : ,■ 

In the case of the loss of any sample through breakage, contamination, 
or through any discernible evidence of an erroneous reading, new samples 
of both members of the duplet or of all tliree members of the triplet 
were taken before the completion of ‘the whole series 'of determinations. 

Rows I and 5 were planted' to self -fertilized Pim'a and' self-fertilized 
Meade. Rows 3 and 7 were planted to Pima and Meade growm ' ftom 
bulk seed. Thus it is possible to consider in a preiiminary wa}" whether 
there are differences between the sap properties of these two classes 
(those grown from self -fertilized and those grown from open-fertilized 
seed) of plants. Again, rows i, 3, 5, and 7 were planted to Pima 
Egyptian and to 'the Upland variety Acala. Thus it is possible to com- 
pare the two varieties of Upland cotton in a wholly preliminary way. 

If the samples had been taken systematically across tlie field, it is 
evident tliat changing conditions from day to day might be a source of 
large differences betw^een the several rows. The collections were, there- 
fore, made from duplets or triplets selected as nearly as possible at random, 
from, different portions of the field. 

In order to avoid in so far as possible differences due to age, collec- 
tions were made primarily' of matured leaves from the main stem. or 
the largest branches of riie plants. Great care was taken to select 
perfect leaves. 

A possible source of variation in the constants is personal equation in 
the making of the collections. The taking of the samples presented 
considerable difficulty because of the limited time in which it was neces- 
sarily carried out in order to have environmental conditions as nearly 
comparable as possil^le. Three workers, therefore, took part in collecting 
the material. 

In the first series of collections the samples were taken by two work- 
ers, and notes were taken by the third. Had one of the two workers 
taken either Egyptian, Upland, or hybrid samples continuously, 'it seems 
quite possible that differences in personal equation might have influenced 
the results. But the two collectors generally alternated in the variety 
collected. Thus, any systematic influence of personal equation was 
avoided. 

It' is evident, however, that if there be a real personal equation on the 
part of the different eollectors, this- will tend, in, the system of collection 
adopted' for the first series, to obscure the difference between the forms. 

To avoid this possibility,' a modification of the plan was adopted' in 
the second series of collections. .One worker, who had enjoyed longer' 
experience' in botanical work ,than the, others, collected .all the leaves 
used ,for samples. Thus the, possibility of an influence of .personal equa- 
tion in' the, collection 'of the samples would seem to have been practically, 
if not entirely , , eliminated in the second series. 

^ 4 AN.^VTICAU .M.nTHODS ' '■ 

The samples of tissue were,'placed''.',at 'once' in rubber-stoppered glass 
tubes and in a very short time were in a cooling mixture for freezing an- 
twdent to the extraction of the sap, in' accordance with the findings of 
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DixoG and ■Atkins (12) and ourselves (id, 17). Freezing-point lowerings 
A; specific electrical conductivity, k; and hydrogen-ion concentration, 
expressed as Ph, were then determined on the centrifuged sap, extracted 
from the tissue by pressure. 

In the first series of determinations (see p. 283) the physical measure- 
ments were made as soon, as possible after the extraction of the leaf 
.fluids. In the second series the expressed sap was allowed to stand over- 
night in the ice box. 

Freezing point lowering was measured by means of a mercury ther- 
mometer graduated to hundredths of degrees. , Electrical conductivity 
was determined at 30° in Freas conductivity cells standardized against 
N/xo KCl, considered as having a conductivity of 0.01412 reciprocal ohm 
at 30"^. The Washburn half-.meter bridge with extension coils, giving 
10 M. of wire, and a Leeds and Northrup resistance box ivas used. 

Hydrogen-ion concentration was measured by means of the Wendt 
modification of the Hildebrand assemblage. In this method a calomel 
cell charged with normal KCl, a small Weston Millivoltmeter and a slid- 
ing resistance of 500 ohms with current capacity of one ampere were 
used. Hildebrand, Sharp, Hoagland, and others (10) have recognized 
the limitations of precision of this method. The accuracy of the physical 
measurements is, however, sufficient for the comparisons which are 
emphasized in this paper. 

In discussing these acidities we must not forget that the determina- 
tions were made on sap extracted by pressure from killed tissues. Haas 
(iS) has stated that a considerable change in reaction may take place 
in the cell as it dies (from Fh 3 to 7), but he evidently refers to the 
changes taking place in the natural ageing and death of the cells, rather 
than to errors introduced by the killing of the cell and the extraction of 
the cell sap. His own determinations -were made by means of extracts 
obtained by rapidly macerating petals in a mortar with the solvent. 
McClendon and Sharp (44) noted an increase in the acidity of freshly 
expressed carrot juice on exposure to the air for a short time. They also 
give some data on Pg of fluids extracted from boiled and unboiled tissues. 
Finally, Atkins (i) has noted a similar increase in the acidity of expressed 
sap on exposure to the air, and suggests a coordination of this result j 
with those obtained by Bunzell (^) on acidity and oxidase activity. It 
is also possible, as noted by Hoagland and Davis (35), that extracellular 
substances in the tissues may influence the concentration or reaction of 
the cel! sap after the crushing of the tissues. 

Whatever may be the results of further investigations on the relative 
values of the hydrogen-ion concentration of extracted sap as compared 
with that of the sap occurring in the tissues, the facts remain (a) that 
the only method ,by which the problem of hydrogen-ion concentration 
may be investigated in a series like the present is upon extracted sap, 
'(h). that' the technique used, introduces no artificial differences between';, 
the biological series considered, and (c) that, as will be shown below, the ] 
.results for the various series , considered here sho,w, a.' high '-degree of con- 
sistency, thus indicating : that there is no highly variable, disturbing 
,factor in the technique. „ 

The results in the accompanying ■tables . are expressed terms, of 
■freezing-point depression, A, correctedior the: amount of ice, separating on. 
under-cooling. ■ .Those,' who prefer,, to.- ,consid,er'', the,,, results',, in 'te,rms.,,,'Of, 
atmospheres may 'transmute the 'Values -'.of' 'freezing-point lowering, given 
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in tliis paper into atmospheres by the use of a published table (24), as 
have done in a few cases. 

Conductivities have been expressed in reciprocal ohms or mhos. : 

At the time of making these determinations ■ we were tmacquainted 
with the methods suggested by Masoti (45) for estimating the influence 
of viscosity upon electrical collductivit3^ The conductivities given are, 
therefore, the raw values wholly uncorrected for the resistance of the sap. 
Inasmuch as the biological forms considered do not show large percentage 
difference in freezing-point depression, this fact probably does not in- 
validate the constants to a measurable degree for the purpose in hand. 

We have felt it desirable to express in some manner the relative 
value of the electrical conductivity. 

While Chandler (9), Dixon, and Atkins (15), and more recently Mason 
(45), have attempted to differentiate between electrolytes and non- 
electrolytes by expressing the conductivity in tenns of the osmotic 
concentration which would be produced by a solution of a specific solute 
(KCI) of the same electrical conductivity as the sap, it has seemed 
to us wisest to limit ourselves, as in earlier papers, to the purely numerical 
ratio of one constant to the other. We have, therefore, merely em- 
ployed the ratio of the specific electrical conductivity to the freezing 
point depression as a measure of the relative concentration of dissociated 
ions and total solutes (both dissociated and nondissociated electrolytes 
and nonelectrolytes). It is impossible to attach any specific chemical 
meaning to the ratio fc/A. It is, however, useful for purposes of com- 
parison. 

The values of hydrogen-ion concentration have been calculated by 
the formula ' 

P 1 ^ E'-E 

0.0001983 T* 

where E' is the electromotive force in millivolts of the tissue fluid under 
investigation as read from the voltmeter, E is the E. M. F. of the KC! 
calomel electrode employed (taken as E = 0.2828 volt for the normal 
KC! electrode), and T the absolute temperature.® 

STATISriCAn ANALYSIS OF UATA 

In the analysis of the series of measurements it has been necessary to 
employ to some extent the methods of the modern higher statistics. 
The simpler biometric notation is now familiar to most biologists. When 
special methods are used, formulas are given. 

PRESENTATION AND ANALYSIS OF DATA FOR THE COMPARISON OF 
PARENTAL TYPES 

' Because of 'the large number of ■ factors which might influence the 
results of physicochemical measurements on the tissue fluids of a crop 
plant' such; as cotton, and because of the fact that the varieties, considered, 
in 1920 and 1921 are not in all. cases the same,, it seems ■ desirable' to 
present the results of the preliminary investigation carried, out' by two 
of us in 1920, as well as fte results- of the more carefully; "planned.' 'in- 
v^tigation of 1921. 


mdebted to Mr. C- J. Kmg, wbo mcoiirag^ad us to monopolize p'ractioaHy, the. whole 
of ms lafaomtoj space while our work at Sacaton was in progress and' facilitated oar work' in every way 
'.mnts poww'. 
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PRElvlMINAKY STUDY IN I920 

A first compaxison was based on Pima Egyptian and Acala Upland 
cotton taken August 14, 1920. The plants from the north, and south 
ends of this border differed greatly in size, apparently because of the 
influence of alkali. Samples i and 2 were from well-growTi plants from 
the south ends of the border. Samples 3 and 4 were from somewhat 
dwarfed plants at the north end of the border. 


Table I. — Physicochemical constants for the leaf tissue fluids of variom types of cotton 
grown in ipxo, and the differences between the constants for the various types 


Hypes and varieties compared. 


Pima Egyptian. 
Acala Upland . . 

Pima Egyptian. 
Acala Upland . . 

Pima Egyptian. 
Acala Upland . . 

Pima Egyptian. 

Sea Island 

Acala Upland . . 
Kekchi Upland 


Hma Egyptian. . . 
Wa Gale Asiatic. . 

Pima Egyptian. . . 
Ijone Star Upland 

Pima Egyptian . . , 
home Star Upland 

Pima Egyptian. . . 
Lone Star Upland 

Pima Egyptian. .. 
Dtirango Upland, 

Pima Egyptian... 
Dtirango Upland . 

Pima Egyptian. . . 
Durango Upland 

PimaEgypdan... 
Holdon Upiand . . 

Pima; Egyptain . 
Acala, Upland,. 
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0.943 

i XI. 35 

( 15 H 16 ) 

+ 0 . 180 

: + 2 . 16 


17 ) 

X .334 i 

! 16. 05 


:i8) 

0 . 974 i 

II. 72 

(x 7 :h 

>8) 

+ 0.360 i 

+4« 33 


■si 

x.,154 i 

1.030 i 

X3- 89 
X 2 . 39 

(19H20) 

+a 124 

+ 1 . 50 

i 


I. 254 I 

15 . 09 

(2r)H 

22 ) 

I. 230 

14 . 80 

[22) 

+ 0.024 

+ 0 . 29 

\ 

23) 

1. 162 

13. 98 

( 23 H 

.24) 

x.oss 

, ■ I' 2 :. 70 

J 24 ) 

+ 0. 107 

+ 1. 28 



X .347 

16 . 20 

(25+ 

26) 

I. 259 

,' ,'>' 5.04 

26 

+ 0 . 097 

+1. 16 

i 

27 ) 

".'x.' 253 - 


(28) 


■, 13.40 

(27)-(28) 

+a 140 

+■!. 67 


specific , 
electricai i 
coaduc- j 
tivity, fi. j 


o. 038S0 I 
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. 03490 I 
. 0263s 
+. 00855 
.03071 
, 02871 I 
. 00200 1 

.0^152 I 

• 02930 1 
. 03040 ,j 

• 02939 1 
+. 00222 I 
-p. 001 12 
4-. 00213 

001 10 
oooog 
.03184 
. 02839 

+. 00345 

, 04781 
. 03612 
-P, 01169 
. 03661 
. 03188 
4- . 00473 
. 03461 
. 02788 
+. 00673 
. 02971 
. 02656 
4-. 00315 
. 03190 
. 03118 
-p. OOO72 : 

•03163' ’ 
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:4-. '00302 , 

• 05574 
.05154 

4-. 00420 
' ,03209. 

. 02794 
+.00415 


Ratio of 
conduc- 
tivity to 
depres- 
sion. «/A. 


o. 02787 
. 02532 
+.00255 
. 02219 
• 0X953 
+. 00266 
. 02468 
. 02392 
+. 00076 
. 02266 
. 02456 
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+. 00070 
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.03260' 
. 03471 
— . 00211 
. 02594 
. 02864 
— . 00270 
•0257s 
. 02 580 
. 00005 
," - 02543 
‘ 025,36 
+. 00007 
. 02724 
02712 
+. 000'12 
'■• 04137 
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A second series of samples was taken on August 18. Sample 6 re^ 
presents Acaia Upland cotton growing betw'een two rows of Pima Egyptian 
(sample 5). On this date it was feasible to secure samples of Pima 
Egyptian (7), Sea Island (S), Acaia Upland ij), and KekcM ^Upland (10) 
in ' close proximity in the same border. Pima Egyptian is compared 
with all the other types, and Sea Island is compared with the two Upland 
varieties. A comparison of Pima Egyptian (sample ii) with Gossypinw 
herhaceum var. Wa-Gale (sample 12) from the Transcaucasian region 
was also made on this date. 

On August 22 a third series of comparisons was made with the follow- 
ing samples from the yield test plots of Pima Egyptian, Lone Star Upland, 
and Durango Upland. In the comparisons of Pima Egyptian and Lone 
Star Upland cotton, samples 13-14 were taken near the south end of the 
border, samples 15-16 near the middle, and samples 17-18 near the 
north end. In the same test plot and on the same date a comparison 
of Pima with Durango was also made on the basis of samples near the 
south end (19-20}, near the middle (21-22), and near the north end 
(23-24) of the border. In another border we took Pima Egyptian 
and Holdon Upland for comparison with the Fj hybrid between the two 
species. (Samples 25-26.) For constants for the hybrid see sample 34, 
p. 299. In the same border we took Pima Egyptian (27) and Acaia 
■Upland(28) for comparison with an Fj hybrid. (See No. 35, elsewhere.) 

The constants for the individual samples are compared in T^le 1 . 

Comparing the values of freezing-point lowering and calculated osmotic 
pressure in Pima Egyptian cotton with the 13 determinations® on the 
several varieties of Upland cotton, we note that without exception the 
osmotic concentration is higher in the Egyptian cotton than in the 
Upland types. ■ . 

Calculating the statistical constants for freezing-point lowering, A, in 
Fima and Upland, the data presented in Table II were obtained, the 
mean being the average value of the constant, S. D. the standard devia- 
tion, C- V. the coefficient of variation, and r, the coefficient of correlation 
between the two variables denoted by the subscript. 


constants for freezing-’point lowering in Pima and Upland cottons 
in 1020 



Pima, P. 

Upland, U, 

Mean 

I.30O±O.022 

o.ii8±o.oi6 

9.100 

l.I44±0.022. 

O.I 20 ±O.Oi 6 

10.456 

a B..... ■ ! 

C, ¥ : 



fpET— -l-o.7439io.0836 


In determining the probable error of the difference we must remember 
that because of field and meteorological heterogeneity (21) the values 
of osmotic pressure in' associated plants of Pima and Upland types may 
be correlate. As a matter of fact' this correlation is found tO' be o. 744. 
This shows that the :differeEce„,in- salt, content of the soil or differences m 


® In, me case (N a smgk sample of Einrptian, cotton is compared with two varieties clwsely associated 
in tSie same plot of upland cotton. In calculatiajg the statt^ical constants for the whole sales of ■ .each' type, ' 
aw mE^ o4 Effyptton colten is therefore wed tm 
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tlie time of the collection of the different samples infftience in a somewhat 
similar manner the sap properties of both Pima and Upland types. The 
standard deviation of the difference between the constants of the two 
species is given by the formula , 

p “h <T u — 2rpt7 <sp cTu- 

Using this formula, we see that the difference in freezing point lowering 
of the tissue fluids of Egyptian and Upland cotton is 0.1560 + 0.0159. 

This value is 9.8 times as large as its probable error. the 

number of samples is small it seems clear that, at this particular growth 
stage at least, the osmotic concentration of the leaf- tissue fluids of the 
Egyptian cotton is distinctly greater than that of the Upland. The fact 
that the indimdual differences are without exception of the same sign is 
a strong evidence for the validit}^ of this conclusion. 

The results for osmotic pressure, P, are stated in Table III. The 
difference in mean osmotic concentration is 1.872 ±0.191 atmospheres. 

TabliS III . — Siaiistical consiajits for osmotic pressure 'in Pima and Upland cottons 

in IQ20 



Pima» P. 

‘ Upland. V. 

Mean 

i5.639±o.265 
1 . 419 + 0. 188 
9-074 

1 13. 767 ± 0.269 

i.437±o.I90 

10.44 

S.B.. 

C. V - 



rpi7~±o.7436±o.o836 

The specific electrical conductivities, k, are without exception some- 
what higher in Pima than in the varieties of Upland cotton with which 
it is compared. Calculating the statistical constants for electrical con- 
ductivity and determining the probable errors by the method above, 
the data presented in Table IV were obtained. The difference in the 
electrical conductivity is 0.00463 ±0.00058, showing that the tissue 
fluids of the Egyptian cotton contain somewhat larger quantities of 
ionized electrolytes than do those of Upland varieties. 


TabliS IV . — Statistical constants for electrical conductimty in Pima and U pland cottons 

in ig20 


■' 

Pima, P. i 

. i 

Upland, U, 

Mean... ' .i 

o- 03 S 96 ±o,ooi 37 
0.00733 ± 0.00097 
20.39 

o.o 3 'i 33 ,±'o.' 00 i.i :9 
0 p 00633 + 0 . GO 084 ' 
20 . 2 i . ' 

au..... 

C. V....... 



■ „'rpF==±o.9os8dbQ.'0336' ■ 

Comparing the, values' of the ratio, of .electrical' conductivity" to freezing 
point l0wering,,;K/A,, .for 'the".,i:3.. paitS'-qf Egyptian and' Upland cotton, we 
find that in eight cases the ratio is '.higher ' in the 'Egypriati. , than in the 
Upland cottons, whereas in five eases- the results indicate that the relative... 
proportion of 'Conducting electrolytes ''is':'lo#er''m Egyptian than in 
" ,,74;€l24 — 
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the Upland cottons. The differences ■ in the mtios are relatively small. 
The average of the eight differences which indicate higher ratios of k to A 
in the Egyptian cotton is 0.00123, whereas the average of the five cases 
which indicate higher ratios of /c to A in the Upland cotton is -0.00167. 
The general average for the 13 differences is 0.00012 ±0.00034. Here the 
probable error has been determined by the formula given above, the 
statistical analysis having given the constants presented in Table V. 


TablS V . — Statistical constants for the ratio of electrical conductivity to freezing 'point 
lowering in Pima and Upland cottons in ig20 


. j 

Pima, F. 

Upland, U. 

j 

Mean ! 

o.o2779±o, 00105 

0.02767 ±0.00104 

S. D .....i 

0.00560 ±0.00074 1 

0.00555 ±0.00073 

C. V ! 

20.17 ! 

1 20.04 


rpu ^ ±0. 9479 io. 0189 


Turning back to a comparison of the Egyptian with cottons other 
than the Upland, we note from samples 7 and 8 that the osmotic pressures 
and electrical conductivities are higher in Pima than in Sea Island cot- 
ton but that the ratio of electrical conductivity to freezing-point lowering 
is lower in Pima. Samples ii and 12 show the same relationship to 
hold in a comparison of Pima Egyptian with the Transcaucasian Gos- 
sypmm herbaceum var. Wa-Gale. 

While these two cases taken alone are altogether inadequate as bases 
for conclusion conceraing differences between Phna Egyptian cotton and 
other species of the genus Gossypium, it is to be noted that the differ- 
ences are of precisely the same kind as are found in the comparison of 
the Egyptian and Upland types. 

The results, therefore, strengthen the conclusion to be drawn from 
a comparison of Egyptian and Upland cottons, and suggest the interest 
of a more extensive comparative study of the different cotton species. 

INVESTIGATIONS IN 1 92 1 

The organization of the experimental details of the work carried out 
in 1921 has been fully described above. It remains merely to state that 
two complete series of determinations were made and to note certam 
differences in the conditions of these series. 

sampling of the culture was begun on August 6, and the first 
series of samples— -So triplets and 60 duplets, 360 samples in all, less a 
few for which plants were not available— was completed on August 16. 

At the time the first series was taken the soil moisture was ample 
but the surface layer was not wet. The plants at the beginning were in 
a rapidly growing condition, with but few bolls developing. Their 
grow^ was, however, being cheeked by the inadequacy of soil moisture 
when the collections were completed.^® 

The plants were given an ample irrigation iminediately after the 
last samples were taken. After this irrigation there was an unusually 


* delayed sotoaewliat beyond tke:tsme'at- wMcb water inigbit adraiitageotasly Jaave been 

aappied in order that the first series d determinations laight h^^ c^pleted in the period between two 
in^ations. 
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heaw rain. This left the fine silt in such a state that collections could 
not be taken up for the second series mitil August 19. The second 
series was completed on August 27. 

In the first series collections were made from the single Egyptian and 
the single Upland plant adjoining the hybrid plant or adjoining each 
other. This was done in order to obtain the samples from plants sub- 
jected to as nearly identical environmental conditions as possible. 

The method of collection followed in the first series has the disadvan- 
tage that the materials upon which the physical constants are to be 
based are drawn from single individuals, and are therefore subject to the 
variations characteristic of individual plants. 

In taking up the second series of collections, it was evident that the 
two plants of Egyptian and Upland cotton from which the first samples 
had been taken were so depleted of the more mature leaves that it would 
be desirable to extend the range of individuals somewhat, and to include 
the adjoining plants in the taking of the samples representing the two 
parent forms.. This could not be done in the case of the hybrid, which 
was represented by but a single individual in each triplet, but the,re was 
little difficulty in obtaining adequately large sam,ples from the F| hybrid 
plants, which were larger than the others. 

When the second series of detenninations was taken up, it seemed de- 
sirable to make all the readings in duplicate. Time was available ■ for 
this extra safeguard because of the standardization of every detail of the 
laboratory routine which had been worked out in the first series of deter- 
minations. The conductivities were reread, frequently with a different 
resistance; the freezing-point deteraiinations were repeated on the same 
sample of fluid, thawed after the first freezing; and the hydrogen-ion 
dete,rminations were 'made in duplicate, or repetition readings were made 
with the same electrodes. The average of these duplicate determina- 
tions have been used in the final calculations of the statistical constants. 
Except for a very few cases in which there was an obvious slip of the pen 
in recording the reading, the results of the first and second determinations 
check remarkably well. 

Uimitatioii of space precludes the. publication of the individual deter- 
minations, nearly 3,000 in number, upon which our conclusions are based. 
It is necessary, therefore, to summarize the detenninations by treating 
them statistically. 

This may be done in two ways: First, the determinations may be 
arranged in an orderly manner .and the frequency distribution of the 
magnitudes considered; second, statistical constants may be determined 
for the' various subseries, and conclusions based on the ■ comparison of 
these' statistical constants, with due regard to their probable errors. 

. ' We have 'first of all .to consider the groupings 'Of the materials for:, 
seriation" and for the determination of statistical constants., 'While the 
constants Are available for the duplets -or triplets of the individual rows, 
it does not seem expedient for present purposes to , seriate' t,li:e^ coii,.'Staiits 
by.ro-ws,. or to determine .the statistical'-cO'nstants.'for.such ''a detailed 
grouping' "of the ' materials, ' We ■ have ■ therefore , combined' .the ' rows, 
according to variety and origin of seed.,*^ Thus rows i- and 5, rows 3 , and 
'7, ' and'.,. rows '2, 4.,, 'and.. 6. have been .combined, ' '' ' 

„H. ,.|a waking W'itli,.fee':Crig£i*al reojrds m:otker ha’re :b'em earful to . note that ' the' em- 

diMiosKs .drtwn for 'the 'coiahiaed. imteiials, of 'the inclividtm.l varieties' are in gOTe,rai' 'Snbstaiitiat€d by the 
rcMjts foe the iadm-d-ualiro’ws. , Uecanse' of the mfincaa-ce of .the nnuaber of detemiinations on the probable 
errors of random ^anpllng,', the. 'CKmstantsi for the individual' rows .will, show 'gx^Lter irregtalarity than those 
t»!^^<m,t^e,eomhin^','.reoords,oltwO'.orTO 
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These represent the fundamental units on which the conclusions are 
based. Since rows i and 5 and 3 and 7 do not differ in variety but 
only in the origin of the seed used, the four rows (i, 3,^ 5, and 7) have 
been combined for a more extensive comparison of Pima and Meade 

cotton. 

' This has given a series of semi-independent subsamples. The 
concordance of the results from these subsamples is one of the strongest 
arguments for the \^alidity of the conclusions based on the series ■ as a 

whole. 

In comparing the differences between the parental types, or between 
the parental types and the hybrids, we must remember that the two or 
three determinations on the same duplet or triplet will be rendered 'more 
or less alike by (a) the heterogeneity of the plot upon which the plants^' 
were gro^m and by (bj the diffei'ences in the time at which the samples' 
were taken. Thus we should expect a correlation between the constants: 
of the individiiais of the same duplet or triplet, notwithstanding the 
fact that these individuals belong to different varieties of cotton and 
are merely rendered similar by community of environmental influences. 
The consequence of these correlations for the arguments of the present, 
section of the investigation is that the probable error of the differences 
between the two parental types, and between the two indimdual parental 
types and the hybrid form, will be greatly reduced. We have, therefore, 
always calculated the probable error of the difference between the series, 
of constants with due regard to the intensity of correlation between 
•them. 

In the analysis of the data we may first present the frequency distri-, 
buttons for the physicochemical measurements made. We shall then,, 
proceed to a more detailed comparison of the physicochemical constants, 
by means of statistical constants. ■ 

We may now consider the- frequency distributions of the constants 
for the individual classes of plants. The depression of the freezing- 
point may be expressed in units of 5 per cent of the' molecular lowering, 
taken as A == i . 86. The results are given in Table VI. 

Inspection of these distributions' shows clearly that the constants for 
Pima are somewhat higher than those for Meade. , The numbers are 
rather too small to indicate clearly the nature of the distribution. In 
some cases- they are wholly skewq but in general there is a suggestion , of 
a more or less symmetrical distribution about a central mode. The fre- 
quencies for the hybrid suggest a lower minimum than that found in 
either of the parent forms. 

The distribution of the measures of -specific electrical conductivity is 
', shown in Table VII. .The 'distribution of the ratiosnf, specific electrical 
conductivity to the freezing point lowering is represented, in Table VIIL 

The results fo'r specific electrical conductivity show that the Egyp"ti,an' 
cotton,' has ' a somewhat- higher: maximum than that, found in the,"-','eoiB“' 
-parable , Upland series,' ,It iS' dl,fficult to decide merely 'frO'm, -.inspection 
of the distributions the relative "value. '-'Of 'the ratio .ic/A' in the Upland, in 
the Egyptian, and in the forms.'- ' '• 

The frequencies ' fO't the hydrogendoni' .concentrations, '',are,': 'ShDwn in 
Table IX. Apparently the values of are 'somewhat higher in The 
Upland than in the Egyptian form. The relation of the hybrid to the 
two parental forms can not be determined by inspection merely.^ ■ • 
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These frequency distributions show two things: 

The values of all the physicochemical properties investigated show 
considerable variability from sample to sample. 

There are evidences of differences in the constants for the two parent 
forms and for the hybrid. It is clear, however, that for an analysis 
of these differences we must turn to a 'more careful study of statistical 
constants. ' Since, however, the utmost precision is required we have 
determined tlie constants direct!}^ from the ungrouped data. These 
have been recorded to four significant figures in the case of A, to five 
si.gnificaiit figures in the case of k and k/A, and to three significant 
fi_gLires in the case of Ph- These values are of course beyond the range 
of precision of the instruments employed, but they represent . as close an 
approximation as it was possible to secure in. the case of a single reading, 
and in the second series the results are, in practically all cases, the average 
of two readings. 

C03kIP ARISON ON THE BASIS OF FREEZING POINT DEPRESSIONS 

The comparison between the various series of Pima Egyptian and 
Meade and Acala Upland cottons is made in Table X. Since all nf the 
tables in which comparisons are drawn between the physicochemical 
properties of the Egyptian and Upland varieties are constructed in tlie 
same way, one explanation will suffice for those for k, kIA and Ph 
(T ables XI to XIII), as well as for A. 

The varieties compared are given in column i. For each variety two, 
and sometimes three, rows of plants are available.^^ By combining the 
Pima and Meade grown from self-fertilized and bulk seed respectively 
four rows are available for a comparison of Pima and Meade. In column 
2 are given the numbers of the rows from which the samples were taken. 
Two sets of constants are available for each variety. The upper entry 
represents in each case the constants derived from the first series of 
determinations (August 6 to 16) while the lower entry represents the 
constants derived from the second series of determinations (August 19 
to 27). Column 3 gives the number of individual determinations upon 
which the' statistical constants are based. Column 4 indicates the series 
(i. e., the first or second collection) and the method of taking the differ- 
ences in drawing the comparison between the constants for the earlier 
and for the later period. Column 5 gives the average value of freezing-., 
point depression for Egyptian cotton; column 6 gives the comparable 
value for Upland cotton. Column 7 gives the correlation coefficient 
measuring the relationship between, the constants of' the plants, or small 
groups of plants,, grown in immediate association in the variouS" duplets 
or' triplets. , The 'purpose of these coefficients will be discussed presently. 

Two.. setS 'Of d,ifferences appear. 

The first set, entered opposite- the row numbers in columns, -S-io,' -show-' 
the differences between Eg5T>ti.an and Upland cotton. - The .differences 
in column' 8 are so taken that a positive sign indicates, a' greater- freezing 
point depression in the Egyptian than in the Upland cotton- 'These 
constants are provided with probable., errors, calculated 'by the .equation 
given above (p. 279). Column 9 shows the ratio of th^e differences to 
their probable errors.^® The differences as given in column 8 are absolute 

» The Icwation of tliwe rows ia the field will frcmi &e map*. fig. .1; p,. 37®. - - ' 

These latios kave 'foaw calciik.ted fiom the. wtaes 'of -'the difierea^ces aad.-th^ probable errors cflorlal 
to a larger aamber of plac» tlian caa be givm m the .tables.' of-' -this- paper. They are* therefcarev scsroewljat 
more accorate tliaa those which may be reccMipat«i-{fom the "wcia^. -of the coastaats as givea h®re. 




Tabi^^ 'K^'-Companson of fmmng point dopmsion. A, in Pima Egyptian and Mmd$ and Acala Upland cotton, and in ih$ first and second series of 


28 S 


Journal of Agriculiural Research vot: 


i!l, -w (ji 01 o 

sissg 


«-a 

gS 

I 

§ 

a 




(U p 


88 


■fl -H 

0\ M 
O MD 

0^*0 
+ + 


iC« O ‘ 

'srso 
d ^ 


O vO « 
o O 1>- 

o 00 
-H Cl -H -f I 

d 

10 

+ +4 


fv l>- CO 

^ lOvO 

o ^ 
o o 


H O 
ci 5 lo 


88 


-H 

'8 

■JjO W I>- 

o 00 
+ +~f“ 


00 vO 
O O 

o o 


-H c.-fl-H 

^ 3-0. 


o 

-f-f 


o 

-H « 

10 

o 

+ 


«* s.s ^ 

•S d CJ wtS « 
^ o ^ ft 
O M ^ 
O p 


CO Tt- 
CO ^ 
10 VO 
00 !>• 

-f-F 


O - covo 
N * 00 w 
CN • \0 vO 
O ' \0 vO 

I* :+ 4 - 


00 <M 
VO d 

++ 


to > to w 

VO • Os 'Cf- 

S' :>S->2' 

r :++ 


JO 


O O 


to to d 
wT 

o 00 


Cl VO VO 

w O 00 

w w O 

o 00 


4i-H 

00 Cl 
c* « 
trj w 
CO c» 


-h'S-h-h 
' 8« i?2 

to O 

H» CO d 


41 ^-H-fj 

to d 
O <M VO 
to to O 

W CO <M 


-H ^-H-4^ 

to ^ 00 CJ 
to CN Cl 
OvOO 

M d k-l 


4f ^ 

'Pco 


ip 


On CO 
C>- M 
w M 
O O 

l>» CO 

cooo 

O 

’<4' d 


O CO 

sr 


to 

VO 


O 

-H ^-HHi 
flE2 

O to to 

W CO Cl 


Cl o 

M M O 

o 00 

~H 

_;o6 

I* w w 


sr> 


Cl VO 


Oan CO O 
0v®0 O CO 
“ 00 C^ 

CO Cl 


o 00 

-h“-h-h 

00 rj. W 

d ^ o o 
O 'Sfoo 
w CO w 


W M 


-H 8 


■=l 


H.^ 

“'i 

o 


. 2 ^ 3 ? si 


J. 

PhW. 


. g 

tfcjJtt 52 8 
■fiSStg 


JL 1-- 

s ji i 


ww'H s 

Sp^«g 


13 

v!!.W 

ss 


3 ^ 

Ov Ov coco *>. Ov CK 

CO CO coco i>.r^ loto 

g 

e q 

p« 

to to J>. *>. VO VO 

hTi-T CO CO torn 

<0 CO cT cT 

V—V— ' v— V— ^ ^ 


s 

s 

J 

*S 

I 


I 

^ 4> 
" 01 
CO 

a frjj 


'iM 

Mm 

.aj 

Ph 


<w 

■ 

c« 

O 




0) 




1 

! 

' ^ sa 

*d 

§ 

9| 

•■3 “ 

l| 

s 

*3 


§«§ 
tk' ' 


: &3 

■■ll: 

04' 



I?cb, 2, =524 


Tissue Fluids in Cotton 


289 


values. For purposes of comparison it is desirable to reduce these to a 
percentage basis by dividing all of the absolute differences (Xioo) by 
the values for the Upland cotton.^^ The resulting percentage differences 
appear in column , 10. 

The second set of differences — those entered under the average con- 
stants for the first and second collections of Egyptian and Upland cot- 
tons, respectively, in columns 5 and 6, under the first and second corre- 
lation coefficients in column 7, and under the differences between Egyp- 
tito and Upland cotton in the first and second series in column 8 — shows 
the relative values of the constants secured in the finst and In the second 
series, of determinations. 

.•Ul of these, differences are taken — 

(constant for second series) minus (constant for first series). 

All of the ' differences have been taken algebraically, with regard to the 
signs of the constants compared. 

Since the physical constants for the two types of cotton (columns 5 
and 6) are both positive values, a positive sign indicates a higher value 
of the physical constant in the second series. Since the correlations 
(column 7) and the differences between the two types of cotton (column 
8) may theoretically be either positive or negative (and actually differ 
with regard to sign in some of the subsequent tables) ^ it is necessary in 
Interpreting these differences to bear in mind the signs of the constants 
for the , first and second series between which comparisons are being 
drawn. 

The ratios of these differences to their probable errors (when probable 
errors have been determined) are diown below the differences (opposite 
Diff./Ediff.)F^- 

In determining the probable errors of differences between the means 
for the two series (columns 5 and 6) the correlation between the con- 
stants of the first and second series of determinations must be considered. 
The standard deviations of the differences are calculated from the formula 

(2 - i) 

where the sigmas denote standard deviations and r the correlation coeffi- 
cient measuring the relationship between the first and second series, as 
designated by the subscript numerals/® 

The differences between the differences between Egyptian and Upland 
cotton in the first and second series (column 8, opposite “Biff., ( 2 )~(i)*") 
show whether, the two types show greater or less differentiation at the 
time of the, second than at the time of the first, collection of samples. ' 

The probable errors of the increase in the differences between the two 
kinds of cotton have been calculated as follows; 

Bet E. U. denote Egyptian and Upland plants, of the first or second 
series as may be indicated by subscript numerals., ,Then the differences 
am ,Ei,— and ,Ejj-“U3. The, numerical value und,er consideration in 

5^ Im the case C 3 | tiydfogen'i<Mi ooncmixation {Table XIH) 'the va,Iue of the da/wtian' of tbe Ph for tbe,,tJp“ 
land cottcm froan aeatridlty 1 ms been, tised in tbe calculation of tbe percentage dllfereHce 'betwem,, 'tbe, two 

»,Tti€se mines; like tbe ratios, menticmed irnmediately above, bave fe',een cowputed frmn tbe origirt'al 
constants carried to a farger nwnbcr of places tban, those, given' bere, and arC' consequently sIiglitly„more, 
accurate than those whichL may be recomputed from'' the constants as given in 'tbese'tabl^K'.,' , 

The coefBdeuts of cccrdbtion, [rlir, are givm for'^each ,of Uie physicccbemlcal, constants caosidcared, and 
lor the different subcultures, in Table XXI. ■ These coeffidimts will be conddered later (p, 313)“ the 
mcanait they are of interi^t merely as a mmns, ':to,'the calculation of the probable errors d the differences 
between the constants for the first and second series of det(EsmiBatioiis. ■ 
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the comparison of the first and second series is (E2 — 

The meanSj standard deviations and correlations of these difierences 
might be determined directly. Since the means and standard devia- 
tions of the individual determinations are both available and since the 
correlations between the individual determinations in the first and second 
series' may be utilized for another investigation, it seems best to deter- 
mine the con'elations between the differences in the first series and the 
second series indirectly. The type of formula to be applied has been 
given elsewhere {22) and illustrated in its applicability to growth incre- 
ments (31). 

The formula to be used in the calculation of the probable error of the 
difference between the differences has also been given (25). 

The standard deviations of the difference between the two parental 
forms have been determined in order to test the significance of the 
difference between the types in either the first or second series. We 
require, therefore, merely the correlations between the differences in the 
individual duplets or triplets, in the first series and in the second series. 

In this case the product moment for the correlation between the dih 
ferences, dj, 

S (dA) = S (E,E2)-2 (E,U3)~S (U,E2) + S (U.Us). 

The standard deviation of the differences between the differences in 
the first and second series then becomes — 

” CTd;^ + 0-do^ — 2f dids <^di 

The correlations between these differences for the various characters 
appear in Table XXIII. ' 

Turning now to a consideration of the actual constants in Table X we 
note first of all that the differences between Egyptian and Upland cotton 
(column 8) are without exception positive in sign. Thus they show that 
in all instances the leaf-tissue fluids of the Egyptian cotton have a higher 
osmotic concentration than those of the Upland. The differences in the 
first series are, in all cases but one, at least four times as large as their 
probable errors (column 9). The single exception occurs In the compari- 
son between bulk Pima and bulk Meade. In the second series the differ- 
ences are from 7.8 to 14.2 times as large as their probable errors. There 
can, therefore, be no question whatsoever concerning the significance of 
the differences between the osmotic concentration of the tissue fluids of 
Egyptian and Upland cotton. Expressing the results in terms of dif- 
ferences in atmospheres, P, rather than in freezing point lowering, A, by 
means of the formula 

P— 12.06 A— 0.021 A^, 

■ for' which tabled constants are available (24),, it appears that the differ- 
, ■ ences range from about 0.07 to 0.62 ■. atmospheres in the first, series. , ■ In 
the second series the differences range from 0.68 to 1,18 atmospheres. 

The differences between the first and second series of determinatiqiB 
(Table X, columns 5 and 6) show that in the second series the osmotic 
concentration is regularly lower than that in the first series. These 
differences are in all cases six or more times as large as their probable 
errors. They show conclusively, therefore, that osmotic concentration 
is lower in the second series of deternnmtions .than in '''.the .first ■ " 
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The correlations between members of the same duplet or triplet 
(column 7) are in all cases higher in the first than in the second series. 

Since the problem of the magnitudes of the correlation between the 
members of the same duplet or triplet is not a subject for special dis- 
cussion in the present anal3'sis of the measurements, the probable eiTors 
of the differences bet^reen these correlation coefficients for the first and 
second series of determination have not been determined. 

Finally, we note that the differences between Eg3"ptian and Upland 
cotton are uniformly higher in the second than in ' the first series of col- 
lections. This is clearly shown by the absolute differences in column 8. 
The increase in the absolute difference between the Egyptian and Upland 
cotton from the first to die second series of deierniiiiations may be shown 
by taking the differences between these differences. ■ These are shown 
imniediate!}^ beneath the two differences. 

The increase in the difference between Egyptian and Upland from 
the first to the second series of determinations is in all cases over three 
times as large as its probable error. In three cases it is over four times 
as large as its probable error. 

Correlated v/ith this larger difference we find a uniformhy higher 
criterion of significance of difference (colurnn 9) between the Egyptian 
and the Upland t^yes 'iii, the second series. 

The constants just discussed represent the absolute differences between 
the Egyptian and the Upland cottons as studied, in the first and second 
series of dete,rminations. It must be remembered, however, that in both 
and Upland types .the osmotic concentration is umfornily 
lower in the second series than in the first series of determinations. This 
means that the 'differences which have been shown to be absolutely 
larger in the second series than in the -first are relatively much larger. 
This is, clearly shown by the -entries in the column (10) of Table X ghdng 
the percentage differences between the two, types. In the -first series of 
determinations, the relative differences range from less than i per cent 
to over 3,. 7 per cent. In the second series the percentage differences 
range from '4. 7 per -cent to 8.3 per- cent.- ■ 

The sigm,ficance of these various comparisons will be more fully dis- 
cussed in a subsequent section after the. values of the other physical 
constants have been taken into account. 

COMPARISON, ON THE BASIS OF " SPECIFIC EEECTRICAE CONDtTCT.IVlT¥ 

The statistical constants for the specific electrical conductivity of the 
tissue, fluids' of ■ .Egyptian , and ,Upland cottons, expressed in terms, -of 
ree,ipro.cal-' ohms', ,«:X 10®, are compared in: Table XI, 'which is 'm.ade, up- 
in' the same m-anner as Table X. 

The results , show that in every comparison (column 8),' the tissue 
fluids of, .the Egyptian cotton have a higher specific .electrical -conduc-' 
tivity -tha,G,', those of the Upland varieties with which they 'are-co'lnpared. 
,A„ .comparison' of, the. -differences' with their probable errors (which -have 
been calculated, 'with due. regard..’-. to the correlation obtaining,, between 
the constants of plants of the' same -d'uplet-'-or triplet),, shows .(colum,n 9) 
that in the first series all of '.the .diff-erences'„,are 'over three times, as large 
as their probable errors. In the second series all pf the -differences in 
electrical conductivity are over nine times as large as their' probable 
erroiE, ■ U- 



Tabli? Xl,—Compafuon of specific electrical canduciiviiy, nXio^i in Pima Egyptian and Meade and Acala Upland cotton, and in the first and second 

series of determinations for each type, in ig2i 
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Thus it is clear that the Egyptian cotton contains larger quantities of 
conducting electrolytes in its leaf tissue fluids, just as it has been shown 
in the preceding section to contain larger quantities of osmotically 
active solutes. 

Comparisons between the first and the second series show that in both 
Egyptian and Upland cotton (Table XI, columns 5 and 6) the electrical 
conductivity ■ in the second series is invariably lower than in the first 
series. The differences are in all cases over y.2 times as large as their 
probable errors' and may be considered statistically significant in every 
instance. 

The correlation between the plants' of the same duplet or triplet is 
smaller in the second series than in the first.. This result is in full agree- 
ment with that for osmotic concentration presented above. Since these 
correlations are not discussed in detail in this place, but merely served 
as a means of determimng certain probable errors which, are essential 
to the interpretation of the other constants, their probable errors, and 
the probable errors of the differences between them, have not been 
determined. 

The differences betwreen the two types of cotton (Table XI, column 8) 
are in all cases greater in the second than in the first series. ' The differ- 
ences between Egyptian and Upland cotton in reciprocal ohms are over 
twice as great in the second as in the first series. 

The ratio of these differences between the differences to their probable 
errors (calculated with due regard to the correlation between the differ- 
ences themselves as explained above and shown in column 8) varies 
from 3.5 to 5.7 and may be reasonably considered to indicate statistically 
significant differences. 

The ratios of the differences between the Egyptian and the Upland 
plants to their probable errors (column 9) are regularly larger in the 
second than in the first series of determinations. 

Since the differences are based upon smaller absolute values in the 
second series than in the first, they are relatively larger than they appear 
to be as shown in column 8. The percentage differences in column 10 
show that in the first series of determinations the Eg^'ptian cotton has 
from 2.9 to 3.8 per cent higher electrical conductivity than the associated 
Upland cotton. In the second , series of determinations, the Egyptian 
cotton is characterized by from . 8. 2 to- 9.2 per cent higher electrical 
conductivity of its leaf tissue fluids. 

COMPARISON ON TH® BASIS OP THE RATIO OP SPECIFIC ELECTRICAL CONDUCTIVITY TO 

freezing point depression 

We now have to consider the relative proportion of electrolytes as 
indicated by the ratio of the specific electrical conductivity to freezing 
point lowering, ic/A. , 

The comparisons between the Upland and Egyptian' varieties ' appear 
in Table XII which. is constructed on the same principle as Table X. 
For , the first series the differences between the Egyptian and the Upland 
t3q)€s (column 8) are in three cases- positive and one . case negative in. 
sign,. In none of these four cases is'' the difference as'' much -as two , 
and' one-half "times . . as large as its probable'' -error. , We must,, therefore,'.' 
'conclude- that' '.'the' two- forms have practi-calty the -same . 'average'', ratios.'." 



TablU ^llr‘‘--C-omparison of ratio of specific electrical conductivity to freemng-point depression, /f/Aio ®, in Pima Egyptian and Meade and Acala 

Upland cotton, and in the first and second series of determinations for each type, in IQ2I 
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In tlie second series the signs of all four of the differences {column 8) 

■■ indicate a slightly higher ratio, k/A, in the Egyptian plants. One of 
the differences is certainly insignificant in comparison with its probable 
error. The others may or may not be significant. 

Finally, the percentage column (10) shows that the differences be- 
tween Upland and Egyptian cotton do not exceed 3.3 per . cent of the 
value of the constant for the Upland form. 

The net result of this comparison seems to be that, taking the materials 
as a w’hole, there is no certain e\ddence of a difference in the relative 
values of k in the two groups of cottons. Such differences as do appear 
are not wholly consistent from series to series and may be due merely 
to the errors of random sampling or to heterogeneity in the field upon 
which the plants were grown. The results for both the first and second 
series of determinations suggest, however, that the ratio is slightly higher 
in Eg3"ptian than in Upland cotton. It will not be worth while to con- 
sider this problem further until conductivities can be corrected for the 
viscosity of the fluid, or until comparisons can be based on the actual 
anal^^tical determination of one or more of the electrolyte ions. 

A comparison of the ratio k/A in the first and second series of deter- 
minations (Table XII) shows that in both Egyptian (column 5) and 
Upland (column 6) cotton, the ratio is somewhat smaller in the second 
than in the first series. These differences are not sufficiently large in 
comparison with their probable errors to be considered definitely signifi- 
cant as indmdual constants. The consistency of the results evidences 
strongly for a relatively lower concentration of electrolytes in the deter- 
minations made later in the season. 

The differences between Egyptian and Upland cotton are apparently 
larger in the second than in the first series. 

COMPARISON ON THB BASIS OF HYDROGEN-ION CONCENTRATION 

While various authors have determined the total acidity of plant tissue 
fluids by titration, we have relatively little information on their actual 
acidity as determined by the systematic use of indicators, and fewer still 
by electrometric methods, giving the true hydrogen-ion concentration. 
Much of the work has been of a wholly incidental nature, and no attempt 
will be made here to review it in detail. Reference may be made to a 
recent summary by Atkins (j). 

Haas ( 18 , 19) , Truog (50), Hoagland { 34 ), and Atkins (i) have shown 
thaty in gener^, plant saps have a hydrogen-ion concentration well on 
the acid side of neutrality. Our findings for cotton are in agreement 
with this general experience, although the acidities which we have found 
are not so high as those stated by Atkins (jr). 

As far as we are aware, detailed studies of the relative values' of hydro- 
gen ion concentration in agricultural varieties have not been '.lU'ade' 
heretofore. 

The constants for the acidity of the tissue fluids of the Egyptian and 
Upland cottoiB measured in terms of Pg appear in Table XIII. ' ■ 

' The average values of Pa in the various series of Egyptian' cotton 
(column 5) range from 5.2,4 to 5.41 , while in the Upland cotton (column 6) 
they" range from 5. 30- to 5.46. " Thus all averages are well on "the acid 
side of neutrality. -y 

..■ "Comparing the Upland and Egyptian cotton by means of the difference 
" column (8), we note that the ■' values 'for Egyptian cotton are"ia all 
cases lower than those for the Upland cottons. , 

, 74024 - 24- — 5 , ' 
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The ratios of the differences to their probable errors (column 9) are 
in all cases larger than, and in some cases several times as large as, 3.5 
times their probable error. There can, therefore,' be no reasonable 
question concerning their significance. The results show clearly that the 
tissue fluids of the Egyptian cotton are distinctly more acid than those of 
the Upland cottons. 

In the calculation of the percentage difference between the hydrogen- 
ion concentrations of the tissue fluids of the two species, a procedure 
must be adopted which is somewhat different from that used for the other 
constants. When expressed in terms of both acidity and alkalinity 
are measured from a neutral point determined by the dissociation con- 
stant of pure water. We may, therefore, logically take the deviation of 
the' Ph value of the Upland cotton from neutrality' as a base in calculating 
the percentage differences. 

The exact value of Pjj taken to represent neutrality is of relatively 
little importance. The dissociation constant of water varies with the 
temperature. We may arbitrarily take 6.860 for neutrality at the 
average temperature of our determinations. In determining the per- 
centage difference between Egyptian and Upland cotton we therefore 
work from the formula 

100 (E —U) 

'^86o-'U” 

where E and U represent the Ph values of Egyptian and Upland cottons, 
respective^. 

The percentage differences (Table XIII, column 10) calculated in this 
way range from 2.75 to 8.67. 

The correlations betw'een tlie Upland and Egyptian plants of the same 
duplet or triplet (Table XIII, column 7) are of considerable interest. 
The values for the second series are veiy much larger than those for the 
first. All of the coefficients are positive in sign. These results are of 
importance in that they show that the hydrogen-ion concentrations of 
adjoining plants are correlated. This must be assumed to be due either 
to (a) extremely local differences in the soil of the field, or to (6) the 
influence of variations in the atmospheric conditions or in the time of 
collection of the samples. It is impossible at present to make any 
suggestions concerning the real factor to which these correlations are 
due. Their existence indicates clearly, however, that here is an impor- 
tant field for further investigation. 

Turning now to the differences between the first and second collec- 
tions (Table XIII, columns 5 and 6), we note that in all cases the value 
of Ph is somewhat larger in die second series than in the first. Thus the 
tissue fluids were on the average more nearly neutral at the time of the 
second series of determinations than when the first series was made. 

A comparison of these differences with their probable errors shows 
that in every comparison except that based on plants grown from bulk 
seed of Meade in rows 3 and 7 the differences are at least 6 times as large 
as their probable errors. : 

There can, therefore, be no reasonable doubt concerning the validity 
of the conclusion that at the time of the taking of the second series of 
samples the tissue fluids of both Egyptian and Upland cultures were 
more nearly neutral than they were earlier in the season. " ' 
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Comparing the differences between ■ Egyptian and Upland cotton in' 
the first and second series of determinations, we note that the differences 
between the differences (Table XIII, column 8) show that the second 
series has a numerically somewhat larger differences^ in one of the three 
fundamental series, row' i and 5, and a somewhat smaller difference in 
the other two, rows 3 and 7 and 2, 4 and 6. The difference^. between 
these differences can hardly l3e considered significant in comparison with 
their probable errors. The ratios range from 0.5 to 3.6. 

It is clear, therefore, that the differentiation between the Egyptian 
and the Upland types with respect to the hydrogen-ion concentration of. 
their tissue fluids can not be asserted to become greater ■with the ad'vance 
of the season. This result for acidity, with respect to which differen- 
tiation has been showm to exist, is therefore in agreement with the ratio 
of specific electrical conductivity to freezing point depression, for which 
no differentiation has been demonstrated between the types. It is 
not in agreement with the results for freezing point depression, A, or 
specific electrical conductivity, x, both of which showed an increase in 
the differences between the Egyptian and Upland cotton with the ad- 
vance of the season. 

In referring to the advance of the season, we must remember that 
there are but tw^o groups of data upon which conclusions concerning 
seasonal changes may be based. Caution must, therefore, be used in' 
attributing a seasonal significance to these results. The term is used 
here merely as a means of conveniently describing the actual facts. 

PRE'SENTATION AND ANALYSIS OF DATA FOR HYBRIDS 

The frequency distributions of the various physicochemical measure- 
ments made upon the h3’'brid in 192-1 have been presented in tables 
VI~IX. For a more detailed comparison of the properties of the fluids 
of hybrid and parental forms we must resort to a consideration of the 
differences in the individual constants and in the statistical constants' 
derived from these individual measurements. . . 

The results for the preliminary measurements made in 1920 will first 
be given. The data of the more detailed studies made in 1921 will then 
be presented in the form of statistical constants. 

freuiminary study in 1920 

We were able to secure the following determinations : 

Acala X Pima F;i(29)^® was taken on August 14. While not immediately ■' 
associated with samples (i) = Eg3q)tian and (2) = Upland, it may be 
most' nearly compared with them. On' August 18 Pima' Eg3rpt!anX 
Upland (30) was taken between two rows of Pima (31). . On the 
■same date Pima Egyptian X Upland F^. plants' (32) were also taken in 
■dose proximity to Holdon Upland plants (33). 'On August 22 Pima 
EgyptianX Upland Fj (34) was taken, in comparison with Pima'* Egyptian; 
{No'-./ 25') and Holdon Upland (No. 26),' In the' -same border , we were 
so"'fbrtunate as to obtain a progeny of AealaX Pima .Fi'.(35) 'lying between 

tfae dijff-ereices betwem the two types of cottosm in colttmn 8 are so taken as to Mve a. negative ., ' 
.sign when , Fa., .is- lower, for Egyp^tian than f » Upland -cotton,, a negative dgn for the diff ermce l3€tw.'een' the . ' 
diner€iioes-,in<iicates that the'diff'erence is nninerically',kirgar'.ni-the seccaid series': of deterniinations. ' 

,: - nfnnbers'in parentheses- are those ',of onr sampfe c^' hybrid tfcues. The-.,iiirmbfer d the'determi- 
'liaticm' OB.- the s^tmt type is - also given for. the differences. The actiml constants for ■ th^e parent type 
niMbm 'wiff 'he fiwnd in Table I. 
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the' progenies of the two individual parents of the hybrid, Pima (27), 
and Acala (28). 

The constants are set forth in table XIV. 

TablB XIV . — Physicochemical constants for the leaf iisstie fluids of the hybrid 
between -Egyptian ^ and Upland cotton grown in igzo^ and differences between' con- 
stants for the hybrid and those for the parent types 


Tyi>e and varieties compared. 

Sample 

number.® 

Depres- 
sion of 
freezing 
point, 

A 

Osmotic 
concen- 
tration 
in atmos- 
pheres, 
P. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio of 
conduc- 
tivity to 
depres- 
sion, 
ic/A. 

Pi hybrid, Acala UplandXPima Egyptian 

(29) 

1. 124 

n- S 3 

0. 03316 

0.03000 

Difference between Ei hybrid and Pima Egyp- 


tian 


“0. 268 

”3* 21 

— . 00564 

4 - .00213 

Difference between Fi hybrid and Acala Upland . 

(agHa) 

— c. 094 

— 1 . 12 

-f.C 50233 

4". 00468 

El hybrid, Pima Egyptian X Upland 

(30) 

I* 29s 

I-S* 58 

• 03015 

. 02338 

Pima Egyptian 

(31) 

1*365 

16. 42 

-03162 

.02317 

Difference between Fi hybrid and Pima Effi'p- 


tian.... 

( 3 o)-( 3 i) 

—0. 070 '■ 

— 0.S4 

— -00147 

, 4-.OOOIX 

Fi hybrid, Pima EgyptianXUpland 

I (32) 

1.496 ; 

17*99 

• 03133 

. 02093 

Holdoa Upland 

' C33) 

I 

t. 468 ; 

17-65 

' . 03333 

.02195 

, Difference between Ei hybrid and Holdon 



Upland 

' (32H33) ; 

-ho. 028 

-fo.34 ; 

i —.00090 

— . 00 X 03 

Fj hybrid, Pima EgyptianXUpland 

: (34) 1 

1.327 ; 

15*96 

.05141 

. 03874 

Difference between Fi hybrid and Pima Egyp- 


tian 

( 34 )-( 2 S> 1 

' —0. 020 , 

—0.24 

i ”*00433 

—.00363, 

Difference between Fi hybrid and Holdon 



Upland 

(S4H26) 

-f 0. 077 

-f 0. 92 

! —.00013 

— . 00249 

Fi hybrid, Acala UplandXPima Egyptian 

(ss) i 

1.0S7 ' 

13.08 

1 . 02801 

.02578 

Difference between Fj hybrid and Pima Eg:^"p- 





tian, . . . 

(3SH27) 1 

—0. 166 

-1.99 ' 

j —.00408 

4 *. 000x7 

Difference between Fi hybrid and Acala Upland. 

(3SH28) j 

1 —0.026 

—0.32 

; -f. 00007 

1 4 -. 00068 

1 


a Constants for parental forms not given in this table appear under these numbers In Table I. 


These results show that in all four comparisons between Egyptian 
cotton and the hybrid between Egyptian and Upland cotton the osmotic 
concentration is higher in the leaf-tissue fluids of the Egyptian than in 
those of the hybrid plants. In all four comparisons, the specific 
electrical conductivity indicates that there is a higher concentration of 
conducting electrolytes in the tissue fluids of the Egyptian than in those 
of "' the hyMd ' plants. In three of the' four comparisons the ratio ic/A is 
higher in the Hybrid than in the Egyptian cotton. 

The results of the comparisons between the hybrid and the Upland 
cottons ' are more irregular. ■ Since both hybrid and Upland cottons 
seem to differ from Eg5^tian cotton in 'the same direction, it is only 
natural to find that' there is" not such a conspicuous differenc'e between 
hybrid and Upland as between hybrid and Egyptian. 

The results of this preliminary study can not be taken as conclusive. 
They are/ however/ suggestive,' and fully justified the more; intensive 
investigation 'Undertaken in 1921. 

invbstig'ations- IN 1921 

COM'PARISONS ON. THE BASIS or TRlSEZING-POINT UETRESSION ' '' 

, A comparison of the freezing-point, depressioiis of the tissue fluids' of 
the hybrid with its two parent forms.appears in Table XV. , 

. : This table (which may serve as' a type for the others of this section) 
is', prepared as follows: The forms compared with the hybrid are given 
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in coimiln i, the number of the row in the experimental lield in coiumii 
2, the number of samples upon which the statistical constants are based 
in column 3,, and the series of collections (first or second) in column 4, 
The average value of the freezing-point lowering for the hybrid form 
appears in column 5, The freezing-point lowering for the parent forms 
is given in coiiinin 6. The table is divided into two sections in order 
to distiiiguisli between the Egyptian (upper half of table) and Upland 
(lower half of table) parents. 

The correlation between the parents and the hybrids of the same 
triplet, given in column y of Table XV, is essential to the determination 
of the probable errors of the differences between the hybrid and the 
parent forms and will not be discussed in this place further than to note 
that the differences betwx^eii the' correlations for the first and second 
series show greater irregularities than those which were found in the 
coefficients for the two parental forms (p. 2 88). 

Two sets of differences are given. 

The first is that, between the hybrid and parent forms (colttnins 8-10 
of Table XV). The probable errors of these absolute differences have 
been calculated with due regard to the influence of the heterogeneity of 
the held and of the variations of time and atmospheric conditions upon 
the probable errors, i. e., by the use of the formula 

~ ^7i~ (rp~ p 

where Z?. — hybrid and parent forms, and the other symbols have 
their usual biometric significance. The ratios of the differences to their 
probable errors appear in column 9.^^ 

The second set of differences comprises those between the means for 
the first and second series of determinations on hybrids and parents 
(columns 5 and 6 of Table XM ) , between the correlations between parents 
and hybrids (column 7) in the two series, and between the differences 
between the hybrid and the parent forms (column 8) in the first and 
second series, respectively. These differences are all taken with regard 
to signs. The ratio of these differences To their probable errors (when 
probable errors have been determined) are given beneath the differ- 
ences.^® The probable errors of the differences between the first and 
second collections for the hybrid and the parent forms (columns 5 and 6) 
have been computed with due regard to the correlation between the 
determinations for the first and' second series, as set forth in Table XXI. 
The probable errors of the differences, between the differences between 
hybrid and parent forms (column 8) have been computed with regard 
to the correlation between them (as given in Table XXIII) by means of 
a' formula similar to' that given in the last' paragraph above. 

Considering the results of the determinations (Table XV), it is, clear 
that the differences between the hybrid and the parent form' are negative 
in sign throughout, thus showing that- the hybrid, has in all comparisons 
a lower osmotic concentration of tissue fluids than either of the parental 
forms. 


',^® rii'ese rati(C» have' been computed from means and probable errors carried to ,a larger number of sig- 
nificant figures' than it is possible, to publish in these tables '(Tables X,V-XVIII). They are, therefores 
somewhat more osact than, those ■which .may be deduced-from the constants as' giveu here. 

»£» Th«e ratios, l,li,e t,hose referred to ia the note immediately above, have been calculatedirotiEi,' owstants' 
ewied to a larger 'numberof places. ' , ■ , 
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Since (i) the hybrid is not intermediate between the two parents with 
respect to the freezing point depression of its leaf tissue fluids but is 
characterized by a lower osmotic concentration than either of the parental 
forms, and since (2) the Egyptian parent is characterized by a higher 
osmotic concentration than the Upland parent, it is inevitable that the 
difference between the hybrid and the Egyptian parent should be far 
greater tlian that between the hybrid and the Upland parent. This is, 
clearly evident in both the average value of the differences and in the 
ratio of these differences to their probable errors. The differences are, 
however, in all cases clearly significant in comparison with their probable 
errors. The ratios range from 5,8 to 29.1, and therefore leave no possible 
doubt as to the significance of the differences. 

The differences between the first and second series of Egyptian and 
Upland cottons have been discussed above (p. 290). The comparisons 
of the constants for the first and second collection of hybrids (column 5 
of Table XV) shows that in the heterozygous plants, as well as in the 
homozygous individuals of the parental strains, the second collection 
is characterized by a lower average osmotic concentration than the first. 
A remarkable fact in regard to these determinations is that in each of 
the six possible comparisons between the hybrid and the parental forms 
the hybrid shows greater decrease in osmotic concentration between the 
first and second collections than do either of the parent forms. 

A comparison of the differences between the hybrid and the parent 
forms in the first and second series, Hj-U^, H3-E3, and Hg-Uj by 

means of the differences between them (H2“E2)“(Hj-Ei), 

Uj) is possible on the basis of the values in column 8 of Table XV. These 
show that in every instance the difference is larger in the second series 
than in the first.-^ Thus the differentiation between the parent and the 
hybrid individuals tends to become greater with the advance of the 
season, just as the differentiation of the Egyptian and Upland forms 
has been shown to become larger. This rule holds, notwithstanding 
the fact that the actual values of the osmotic concentration are in all 
cases (in both hybrid and parental individuals) lower in the second 
series than in the first. 

Comparing the seasonal increases in the numerical magnitudes of the 
differences between parent and hybrid forms with their probable errors, 
calculated by the method indicated on page 290, we note (Diff/Ediff. in 
column 8 of Table XV) that in general they may be considered statistically 
significant. 

The percentage differences (in the final column of Table XV) have 
been calculated with the constant for the parental form as a base. In 
the comparisons between hybrid and Eg}fi>tian cotton, it appears that 
the hybrid has an osmotic concentration from 4.8 to 7.4 per cent lower 
than that of the Egyptian parent in ' the first series of determinations. 
In the second series of determinations the hybrid is characterized by an 
osmotic, concentration of about- 12 per cent lower than that of the 


,A pcsiSsiMe explanation oJ this difference may be found in the fact that there was but a single plant of 
. the hybrid in instance. It is possible that because of the necessity for a somewhat cteer picfcmg 
of kayes in tli.e',case of the single hybrid pknt, the average age of the leaves may -have been somewhat -less 
In the sewnd collection than ,m , the case of the controls. . This is, however, merely a suggested, possibility. 
A wlution of the problem must await further investigation. ■ 

® Siat^ the differaicses betweaa parent and hybrid forms .are so taken that a' negative sign indicates n 
lower value of freezing-point dep-ression in the hybrid than -in the parent,, and since- consistency in treat- 
ment throughout the paper demands the r^ardiag of signs in. taking the differences, b-etween the differences' 
in the first and second series of detennimtions,. a, negative -sign for the differences between, the differences 
indicates that the differences between parent, and hybrid are- greater in the second series tima in the -first,. 
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Egyptian plants growing beside it in the field. The hybrid has an 
osmotic concentration of its leaf -tissue fluids from 3.9 to 4.3 per cent 
lower than that of the Upland parent in tlie first series and from 6.2 to 8.2 
per cent lower in the second series of determinations. 

COMPARISON ON THE BASIS OF SPECIFIC ELECTRlCAi CONUUCIIVITV 


The comparison of the specific electrical conductivities' of the tissue 
fluids of the hybrids with their two parent forms is made in Table XVI. 
which is constructed on the same plan as Table XV. 

The results are uniform throughout in showing a lower specific electrical 
conductivity in the hybrid individual than in either the Egyptian or the 
Upland parent. 

The differences between die hybrid and either the self-fertilized or the 
bulk Pima cultures are relatively large, die averages for the hybrid 
ranging from 0.001409 to 0.002700 reciprocal ohm lower than those 
for the Pima, controls. ■ These differences are from 4.3 to 17.3 times as 
large as their probable errors. For the whole series (rows i , 3, 5, and 7), 
the specific electrical conductivity of the hybrid is lower by 0.002016 
reciprocal ohm in the first series and by 0.002690 reciprocal ohm in the 
second series. These differences are 9.9 and 1 7.3 times as large as their 
respective probable errors. 

Since the Upland cottons are characterized by leaf-tissue fluids of lower 
specific electrical conductmty than those of Eg>T)tian cottons (p. 291), 
the difference between die hybrid and Upland parent is necessarily 
much smaller than that between the hybrid and the Egyptian parent. 
While die differences in all cases indicate a lower electrical conductivity 
in the tissue fluids of the hybrid than in those of its Upland parent, they 
can not in general be considered significant in comparison with their 
probable errors. 

The differences between the hybrid and the Pima parent (Table XVI, 
column 8). are greateri^ in the second series of determinations than in the 
first series. This is in agreement with the results for osmotic concentra- 
tion of , hybrid and parent forms- discussed above. It is also in eon- 
foimity \rith the results of a comparison of the differentiation of the 
parental types. 

In the comparison between the hybrid and the Upland parent, where 
the differences are necessarily smaller, the differences between the hybrid 
and the parent form are smaller in the second series- of determinations. 

COMPARISON ON THE BASTS OF THE RATIO OF SPECIFIC ELECTRIC-^E ' CONDUCTIVITY ,TO 
FREEZING-POINT DEPRESSION 

llie comparisons are made in Table XVIL 

In the first series of determinations the differences between hybrid and 
parent are in part positive and in part negative in sign. ,They are gen- 
erally small, and can not be considered statistically significant in com- 
parison 'wlth their probable errors. 

la the tabifts these are givea' in terms of reciprocal ohansXxo®, . 

Note tkmt since differences between hybrid and .parent lomi have negative signs, the, law of signs 
reQtikes'tiiat the differences ..between the differences have the negative sign, when the differences, .are iar,ger 
in the second 'series. ■„ 
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In the second series of determinations, the differences are positive in 
all cases, and in all cases conspicuously larger than in the first series. 
They are from 4.7 to 13 times as large as their probable errors. There 
can be no reasonable doubt of the significance of these differences. 

The increase in the difference between the hybrid and the parental 
form (either Upland or Egyptian) from the first to the second series of 
determinations is from 2.8 to 6.6 times as large as its probable error. 
(Biff./Ediff. in column 8.) The difference between the hybrid and the 
parental form with respect to the ratio of specific electrical conductivity 
to freezing point lowering may therefore be confidently asserted to in- 
crease from the first to -flie second series of determinations. 

A comparison of the first and second series of determinations with 
respect to the ratio of k to A in the hybrids (Table XVII, column 5) and 
in the two cultures of the parent forms (column 6) shows that in the 
hybrid the ratio is higher in the second than in the first series of deter- 
minations. All of the differences are over three times as large as their 
probable errors, and may reasonably be regarded as statistically 
significant. . 

In the parent forms, both Egyptian and Upland, the ratio of conduc- 
tivity to freezing-point depression is lower in the second than in the 
first series of determinations. Thus the parent forms are quite different 
from the hybrids in this regard. It must be noted, however, that the 
differences are small in the case of the parent plants, and can not be 
considered individually significant in comparison with their probable 
errors. 

Expressed in relative terms (Table XVII, column id) tlie differences 
show that in the first series of determinations the ratio is on the average 
from —o.oi to -I-2.7 per cent higher in the hybrid than in either the 
Egyptian or Upland parent form. In the second series the ratio is from 
3.7 to 7.1 per cent higher in the heteroz^^gous than in the homozygous 
plants. 

The fact that the ratio in the hybrid increases from the first to the 
second series of determinations, whereas that in both parent forms 
decreases accounts for the higher percentage difference between the 
hybrid and each of its parent forms (column 10) in the second as com- 
pared with the first series. 

COMPARISON ON THE BASIS OF HYDROGEN-ION CONCENTRATION 

A comparison of the acidity of the leaf tissue fluids of tlie hybrid 
with that of the patent form is made in Table XVIII. 

The difference column (column 8) shows at once that the hybrid is 
'■characterized by a larger value of Pji than is that of the Egyptian parental 
form,. In the comparison between the hybrid and the Upland parent 
■exactly the reverse is true; the hybrid has in each series a numerically, 
■smaller average value of Ph than has the Upland parent form. ' 

The differences are in all but two cases over', two and a half times 
-as large as their probable errors. These figures and the general con- 
■sisteiicy of the results for" the various series are strong evidences for the 
■soundness 'of the conclusions drawn. 

Thus the hybrid is intermediate ,in .acidity between the twO' parental, 
iorms.' 



lLVIh--Comparimn of ratio of specific okctrkal conductivity io freezing-point depression, kJ AX^o^, in tm J-\ hybrid with that in Pima Egyptian. 
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In tlie determination of tlie percentage differences between the Pjj 
of the hybrid and tliat of the parent, we have considered that the proper 
base for the calculation of a relative difference is the deviation of the 
value of Ph from that which may be taken as indicating neutrality. Thus 
in the calculation of these relative differences we have used the formula 

100 (H-P) 

6.860- P ' 

where H and P represent the average Fh values for parent, P, and hybrid, 
if, respectively. This is in agreement with the practice in comparing 
the two parental types. 

The percentage differences calculated in this way range from i.i to 6.7. 

Turning to the comparison of the ffrst and second sets of determinations 
on the hybrid plants, we note that in all cases the average value of 
is higher in the second series than it is in the first. Thus the tissue fluids 
in the second series of determinations are more nearly neutral than in 
the first series. These values range from 4.29 to 6.95 times as large 
as their , probable errors. They may be considered unquestionably 
significant. 

Concerning this result we have no explanation to offer, Caution 
must be observed in interpreting it as a regular developmental change, 
since in an irrigated crop grown under the severe conditions of the South- 
western deserts many factors must vary from one series of determinations 
to another. An interpretation of the differences in acidity .should be 
one of the purposes to be considered in the planning of an}^ future investi- 
gations in this field. 

Turning to the correlations (Table XVIII, column 7), we note that the 
coefficients measuring the relationship between the hydrogen-ion con- 
centration of the hybrid and of the plants of the parental form growing 
beside it in the fields are in all cases positive in sign. This result sub- 
stantiates the findings in the comparison of tlie ■ two types of cotton 
(Table 'XIII, p. 297), which shows clearly that acidity is to some extent 
determined by the varying conditions of the soil or of the atmosphere 
at the time at which the samples were taken. 

The second series of correlations is numerically larger than the first. 
This indicates either (a) that the plants have become more closely related 
to their substratum or (b) that their atmospheric environment differs 
more widely from time to time in the second series than in the first, or 
(c) that the' determinations in the second series were made with a con- 
siderably higher order of precision than those of the first series. 

These results indicate clearly the importance of further investigations 
along these lines, 

■ Comparing the differences between the hybrid and the parent form, 
in the .first senes with that in the second series (Table XVIII, column 8) 
we find that in the comparison with Egyptian cotton the differences are 
in all cases greater in the first than in the second series, but these differ- 
ences can not be considered significant in relation to their probable 
errors. , In the comparison with Upland cotton the differences are numeri- 
cally greato in the first series for rows 3 and 7 and for rows i, 3, 5, and' 7,, 
but numerically greater' in the second series for rows i and 5.',' , 



Feb. 2, 1924 


Tissue Fluids in Cotton 


309 


DISCUSSION OF RESULTS 

The data presented in the foregoing sections lead to definite con- 
clusions as far as matters of fact concerning the physicochemical prop-' 
erties investigated are concerned. The consistency of results for the 
two years, the close concordance of the results for the various subseries 
in the comprehensive experiment of 1921, and the large size of the 
differences w^hen considered in comparison with their probable errors, 
leave no possible doubt as to the existence of differences between the 
tissue fluids of the Egyptian and Upland cotton, and between the F. 
hybrid and the two parental types, with respect to the pliysicocheinlcai 
properties investigated. 

This represents a distinct advance in our w^orking knowledge of the 
characteristics of a highly important economic plant. The biologist 
w^ould, however, like to see some explanation of the demonstrated dif- 
ferences in terms of more fundamental biological phenomena. He 'would 
at least like to be sure that every possible biological source of error is 
eliminated. 

We may, therefore, review again certain possible explanations of the 
differences w^hich have been demonstrated. 

REVIEW OF BIOLOGICAL SOURCES OF ERROR 

The probable errors of random sampling have been so reduced by the 
mimber of data accumulated that the conclusions are not open to criticism 
on tlie grounds of the results being due to chance. 

Differences between the plant forms due to differences in distribution 
over a field characterized by diversity in soil conditions have been fully 
eliminated, unless we assume that the forms are remarkably different in 
the depth of root penetration, and that the soil is sufficienth^ different at 
the various levels to influence the physicochemical properties in a different 
manner. 

At present we have no adequate information on this point. It is a 
question to which we hope to give some attention later. 

A possible source of error— and one which seems largely unavoidable 
during the stages of development preceding maturity- — is to be found in 
the differences in the growth habit of the two groups (Egyptian and 
Upland) of cotton. This renders the collecting of wholly comparable 
leaves somewhat difficult, but the greatest care was exercised in this 
work. Ultimately it may be possible to refer the differences here demon- 
strated to some more fundamental physiological or morphological phe- 
nomenon involving stage of development, but at present we are unable 
to do so. 

DIFFERENCES between THE FIRST- AND SECOND SERIES OFy' DETERMI- 
NATIONS 

We have now to consider certain outstanding features of, these series of 
constants. ^ . 

Conspicuous among these is the fact that all the constant differ be- 
tween' the first' and the second series. , This fact may be established by the 
comparison of the actual differences in the^ eight fundamental tables of con- 
stants (TablesXtoXIII'and XV toX VIII) with their. probable errors. For 
convenience of reference, and to facilitate the comparison of the various 
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constants, these differences have been expressed as percenta.ges of the 
average value of the first detei'mination in Table XIX. In this table the 
percentages are calculated by using the actual v^lue of the first constant 
as a base" except in the case of Ph, where the deviation of the first constant 
from neutrality, taken as 6.86, has been used. 

A comparison between the first and second series is facilitated by deter- 
mining averages for all the differences for the same type of plants (Egyp- 
tian, Upland,', or hybrid). In determining such averages the percentage 
differences for the 'individual subcultures ■ may be used, but some correc- 
tion must be made (by weighting) for the differences in the size of the sub- 
cultures. The averages of the change from first to second series in Table 
XIX have been computed for the Egyptian and Upland plants by weight- 
ing the constants for rows i and 5 and for rows 3 and 7 by two and that 
for rows 2,4, and 6 by three and taking 7 as N in the determinations of the 
average. The averages for the hybrids have been calculated without 
weighting. 


TabcS XIX . — Percentage differei’ice in average value of constants for first and second 
series of determinations in Pima Egyptian, Meade and Acala Upland, and Fi hybrid 
cotton, in IQ2I 


Type and variety of cotton, and nature of seed planted.' 

Rows. 

i 

jFreezing- 
1 point de- 
pression, 
j A 

Specific 

electrical 

conduc- 

tivity, 

K 

1 Ratio of 

1 conduc- 
tivity to 
depres- 
sion, 
«/A 

Hydro- 

gen-ion 

concen- 

tration, 

i 


I, s 

3 j 7 i 
I. 3 *S *7 j 
3 , 4 t 6 1 

- 7-51 i 
- 7*36 i 
1 -- 7*44 

“ 4 * 45 

— 7 -S 4 

— 7*57 

— 7*71 
—6.39 i 

—0. 60 
— . 16 
-.38 
—2. IS 

1 + 5 * 57 

i 46 * 85 

j 4 - 6 , *4 

49. n 


Pima H’S^’ptian combiiicd series 


Average 


-6. 16 

— 7 - 14 i 

-1. 14 

47.50 

,Meade XJplaixd from self-fertilized seed 


3 ? 7 
i, 3 > 3'7 
2,4,6 

i - 10.39 
—II. 14 
— 10. 76 
— 9 ‘ 05 

* , -12.44 

— 13 . 01 i 
—12.33 ! 

—II. 28 

1 “" 2-35 

I -1. 19 ■; 
,-1.78^ 
-2.68 ; 

47 * 30 

42.73 

4 s. 10 
49. os 

Meade Upland from bulk seed 

Meade Upland combined series 

Acala Upland 'from bulk seed 

Average 

i 

—10. 03 

—11.83 

—2. 16 : 

46 . 72 

Pi H3-’’brid between Egyptian and Upland 

1 

b 5 1 
3*7 I 
1 * 3 * 5* 7 1 

- 13 . 54 

— 14- 70 

— 13. 60 

— 8 . 75 

— 12. 13 

— JO. 43 

"b 3 - 9 S 
-i-3. oS 
, 4-3.52 

44 . 93 
46 . 31 
4 s. 54 

r>o 

Do 

.Average 


-" 13-63 

— 10. 44 j 

43.51 

! 

45.57 


.... .... 


Both osmotic, concentration as measured by the depression of the 
freezing point, A, and specific electrical conductivity in reciprocal ohms, 
ic, are lower in the second ' series than the first. The values' of are 
higher in the second than in the first series, but since higher values of 
Ph indicate lower concentrations of the hydrogen ion, it is clear that the 
concentration of the ■ hydrogen ion is also ■ lower in the second series than 
in the first. Thus the concentration of total solutes (molecules and ions) , 
of all conducting solutes, and; of hydrogen ions,, is less in the second 
series than in the first. ' ' ' 

■ '^The ratio of specific electrical conductivity to freezing-point depres- 
sion is lower in, the second series 'of ''determinations than' in the first 
series for both Egyptian and Upland cottons, but '"the 'percentage differ- 
^ces are small. Just the' reverse is found in the hybrid. 'The explana- 
' tion^of these differences between "''the hybrids "and the parent' forms'' must 
■await the results of further investigations. ''' 
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Two possible explanatioris of the decrease in osmotic concentration, 
specific electrical conductivity, and hydrogen-ion concentration from 
the first to the second series will at once suggest themselves. 

Soil moisture may have been greater or, due to the retardation of 
growth toward the end of the season, the requirements for soil moisture 
may have been less, in the second than in the first series. As a con- 
sequence of either of these conditions, the turgidity of the leaves may 
have been somewhat higher in the second series. Thus through the 
dilution effect of higher turgidity the measures of the concentration of 
solutes might be lower in the second series. 

It is quite conceivable that the rapidly developing bolls made much 
higher demands upon the solutes of the leaf tissue fluids in the second 
period than in the first and that the lov/er values of both the osmotic 
concentration and specific electrical conductivity in the second period 
may have been due primarih^ to the withdrawal of solutes from the leaf 
by the developing fruits. 

It is obviously impossible to determine with certaint}' which of these 
suggested hypotheses is the more logical, or rvhat other explanation may 
be the true one, without special investigation. It is worth while to note, 
however, that the decrease in hydrogen-ion concentration can hardly be 
explained by the simple assumption of relatively higher turgidity in the 
second series of determinations. The organic acids are in general so 
weakly ionized that dilution has but little influence on the concentration 
of'the hydrogen-ion. Since dilution is a highly improbable explanation 
of the change in the hydrogen-ion concentration, it can hardly be assumed 
to be the most probable explanation of changes in the value of A and k. 

Some light may perhaps be thrown upon the problem by considering 
in a comparative wa}^ the percentage difference between the first and 
second series. 

A comparison of the percentage changes in Egyptian and Upland 
cotton as given in Table XIX shows that the decrease in the concentra- 
tion of total solutes and of electrolytes from the first to the second series 
of determinations is greater in the Upland than in the Egyptian cotton. 
The average value of the change in freezing-point depression, A, is 6.16 
per cent in Egyptian and 10.03 per cent in Upland cotton. The average 
change in specific electrical conductivity, is 7.14 in Egyptian and 
11,82 in Upland cotton. This result has an important bearing upon the 
suggested hypothesis that the decrease in osmotic concentration and 
electrical conductivity from the first to the second series of determina- 
tions is due to the rapid withdra\ra1 of solutes from the leaves by the 
developing bolls. If the factor of the withdrawal of solutes by the de- 
veloping , bolls is important enough to account for the decrease in the 
concentrations of total solutes and electrolytes from, the first to the sec- 
ond series, it, might .reasonably be expected to’ account for certain of the 
diffe,reii,ces between the various, kinds of,. plants. We have no quantita- 
tive measure of the relative number of .developing bolls in the various 
series of plants in the first and second series, but the, general impression 
derived from an inspection of the two types of cotton in the^ field is that 
at the time " of the first series of determinations the Upland plants had 
relatively more well developed bolls than the, Egyptian plants, while, by 
the time 'the second series of determination was made, the slower-devel- 
oping Egyptian cotton had .produced:. a more nearly ,,,comparable crop of 
fruits. 
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Now the actual results for percentage change In concentration from 
the first to the second series are exactly the opposite of what^ might be 
expected from the hypothesis and, from the apparent facts with regard 
to the fruiting of the cottons. Since the Upland cotton was ivell into 
the fruiting condition when the first series of determinations was made, 
while the Egyptian cotton was just beginning to form bolls, one might 
on the assumptions made expect to find the greatest change in the sap 
properties of the Egyptian plants since it is in these^ plants that the 
greatest change in physiological state with respect to fruiting seems to 
have taken place. The results are just the reverse. 

It is interesting in this connection to compare the results for the hybrid 
and the parent forms. The hybrid series show a greater percentage de- 
crease in the value of A than either the Upland or the Egyptian plants, 
and there was presumably less change in the condition with respect to 
fruiting between the first and the second series than in the case of the 
Egyptian cotton. 

THE RELATIVE MAGNITUDES OF THE DIFFERENCE BETWEEN THE TWO 
SPECIES IN THE FIRST AND SECOND SERIES OF DETERMINATIONS 

In the discussion of the individual constants we have noted that the 
difference between the Egyptian and Upland type is generally larger 
in the second than in the first series. This is true for freezing-point de- 
pression, specific electrical conductivity, and generally for the ratio of 
specific electrical conductivity to freezing-point depression. The differ- 
ences between the differences in the varieties in the first and second 
series may be considered significant in the case of the two direct meas- 
urements, but are not sufficiently large to be regarded as certainly 
trustworthy in the various stibseries in the case of the ratio. The results 
for hydrogen-ion concentration are uncertain since the signs of the differ- 
ences between the differences are not wholly consistent, and only one 
of the differences (that for rows 3 and 7) may be considered statistically 
significant in comparison with its probable error. 

It is a significant fact that while the second series uniformly sho-ws a 
larger differentiation of the Egyptian and the Upland types for both 
freezing-point depression and specific electrical conductivity, the actual 
magnitudes of the physical constants are lower for both freezing-point 
depression, A, ■ and specific electrical conductivity, /c, in the second 
than in the first series. The ratio k/A is on the average consistently 
lower' in the second than in the first series, but the differences between 
the means are small and can not be considered significant individually 
in comparison with their probable errors. This is also true for the 
hydrogen-ion concentration. 

For convenience of comparison, all of the percentage differences be- 
tween Egytian and Upland cotton given. in column 10 of tables X to XIII 
'have been laid side by side in Table XX. 
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Tabiu^ XX. — Co'inparison of percentage difference between Pima Egyptian, Meade and 
Acala Upland cotton, in ike first and second series of determinations and for various 
constants, in ig3i 


Comparison. 

Rows. 

Series or 
collection. 

Freezing- 
point de- 
pression, 

A. 

Specific 
electrical 
conduc- 
tivity , K. 

Ratio of 
conduc- 
tivity to 
depres- 
sion, «/A. 

Hydro,- 

gen-ion 

concen- 

tration 

Ph. 

Pima Egyptian from self-fertilized seed 
and Meade Upland from self-fertilized 
,se€d. 

1 

First (i). . . . 
Second (2) . . 

4-3- 76 
Hh?. 10 

4-0. 77 
4-9. 22 

4 - 0 . 25 
4-2. 04 

-6. 67 
~S. 54 



DiF. (2H1) . 

+ 3 - 34 

-rS. 45 

4 - 1 . 79 

“ 1.87 

Pima Egyptian from bulk seed and 
Meade Upland from bulk seed ! 

} 5 ;? 

First (i) 

Second (2) . . j 

+0.42 
-r 4 - 69 1 

4 - 2 . 99 
-rS. 19 1 

4-2.23 i 
i 4-3.29 

-S. 67 
—4-07 


i 

DM. (jHi), 

1 1 

4-4. 27 j 

4-5. 20 

j 4 1, 06 ; 

■4-4. 60 

Pima Egyptian and Meade Upland, 1 
cmnbin^ series 1 

j 

i First (i) , . . . 1 
1 Second (2). J 

‘ +2. X2 1 

+ 5-91 1 

+ 3-40 
4 -S. 72 1 

1 -i- 1. 21 i 
; -r2.6s 1 

■” 7-53 
—6. 29 



I Diff.(2Hl).| 

: ” 3-79 j 

4-5-32 

•f I - 44 

4 'i. 29 

Pima Egyptian and Acala Upland from j 
bulk seed | 

\ 2.4*6 
/ 2,4,6 

First (i), . ..1 
Second (2) . . ! 

! + 3 - 10 1 

i 4-8.31 ' 

4-2.93 

1 *f 8. 60 

—0. 37 

1 -po. 22 

— 3. 89 
“2. 75 



DM. {2H1), 

4 - 5-22 

4-5-67 

i 

[ 4-0. 59 

4-0. 14 


llie reasons for the larger differences in the values of freezing-point 
lowering and specific electrical conductivity in the second as compared 
with the first series are difficult to determine. Among the possibilities 
may be mentioned : 

(1) Hiat the greater exactness of the constants in the second series, 
resulting from all the collections of samples having been made by one 
observer, has resulted in more definite differences in the two series. 

(2) That the differentiation here under consideration is dependent 
upon the physiolo^cal age of the organism. 

These are questions which await further investigation. 

TH3S CORimnATlOK THE) FIRST AND THB SECOND SERIES OF 

determinations 

In the preceding discussion we compared the constants for the 
first and second series of measurements. To determine the probable 
errors of the differences between the two series, it was necessary to com- 
pute the coefficients of correlation between them by considering the 
homologous samples of the first and second series as the two variables' of 
a pair and the number of homologous pairs as N, 

The coefficients measuring the correlation between the determinations 
of the first and second series appear in Table XXI. ' Here the varieties 
and the rows are arranged as in preceding tables* The headings for A,' 
ic, If/A, and indicate the correlations between the first and second 
series for the values of these constants. The table is broken into three 
sections, the upper for the Pima Egyptian, the second for the Upland, and, 
the lower section for the hybrid. 

The correlations between the first and second series of constants must 
be considered from two sides — first, that of the relative magnitiide of 
the coefficients 'in the two species, and their hybrid; 'second, that of the 
relative magnitude of the correlations between the first and the second' 
series of collections for the four physicochemical constants under con- 
sideration. ■' 
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A casual glance at Table XXI will show that the Egyptian series on 
the one hand and the Upland and the hybrid series on the other differ 
materially with respect to the correlations between the first and second 
series of deteniiinations. All of the coefficients for A, k, and y/A in 
the Pima series are positive and in general may be considered significant 
in comparisorx with their probable errors. The comparable coefficients 
for tlie Upland series and for the hybrid plants are characterized by low 
values of the correlation coefficients. These may be either positive or 
negative in sign. They are of the same geiierarorder of magnitude as 
their probable errors. No one of the 21 coefficients can be considered 
certainly significant in comparison with its probable eiTor. 

The coefficients for hydrogen-ion concentration are low throughout, 
and can not be considered statistically significant in comparison with 
tiieir probable errors. 

Taking the avei'ages“^ of the constants for the parental groups and for 
the hybrid groups, we note that all of tlie coefficients for the Upland 
plants are numerically less than o.ii. One of them is positive while 
tliree are negative in sign. The averages for A, k, and k/A for the 
hybrid plants are less than 0.07. The average value of the two coeffi- 
cients for hydrogen-ion concentration in the hybrid plants is —o.io. 

Contrasted with these, we find in the Pima Egyptian series the follow- 
ing averages: -f 0.418 for A, +0.259 for k, r=- +0.299 for k/A, 

and r™ +0.086 for Clearly these correlations for tlie Egyptian 
series are far higher than those for the Upland series. 

We have considered various possible explanations of this difference in 
correlation, but since actual data are -wanting for the adequate substan- 
tiation or refutation of any of the suggested possibilities, it seems wisest 
to omit all discussions of suggested explanations until fiirther experi- 
mental evidence, now being collected, can be analyzed. , 

That the behavior of the two types of plants is quite different is further 
suggested b}^ a consideration of the cross correlations between the con- 
stants of the plants of the same duplet or triplet in the first and second 
series, as set forth in Table XXII. The coefficients in this table were 
determined primarily as a means of obtaining the probable errors of the 
differences between the first and second series of differences between the 
Egyptian and the Upland types. The few words of discussion are 
purely incidental. The problem will, we hope, receive more detailed 
treatment on the basis of further data now being collected. 

The coefficients presented show the relationship between the first 
determination on the Egyptian plants of a duplet or triplet and the 
second determination on the Upland or hybrid plants of the same duplet 
or triplet; or, conversely, the constants show the correlation between the 
first determination on the Upland or hybrid plants of a duplet or triplet 
and the second' determination on the Pima plants; or, finally, the coeffi- 
cients show the relationship between the first determination on the 
Upland ■ plants of a triplet and the second determination on the hybrid 
plants, or the first determination on the hybrid plants and the second 
determination on the Upland plants. 

, The first two columns of Table XXII show the plants which furnished 
the materials for,., the first and second vdeterminations,^ respectively. 
For, convenience of coniparison these-' are, arranged, in .pairs. - The'' first 

» The averages of 'the correlations have been computed for the Egyptian and the Upland plants by 
weighting the constants for rows i and k and for 3 and 7' by two, and that for rows 2 , 4 ana 6 by three,, and 
taking, 7 as N i,n th'C determination of the average for the whole experiment,. 
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» Pima Egyptian and M^de Upland, both from self-fertilized seed. Pima Egyptian and Aacala Upland, both from bulk seed, 

6 Pima Egyptian and Meade Upland, both from bulk seed. 
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two horizontal rows of constants, for example, show the correlations 
between the first collection of Meade and the second collection of Pima 
and the correlation between the first collection of Pima and the second 
collection of Meade for the same triplet. 

To bring out clearly the relationships shown by these correlations 
it is necessary to determine the differences betw^een'the two coefficients 
of a pair. In determining and interpreting these differences we must 
bear in mind the fact that the mathematical coefficient of correlation 
may be either positive or negative in sign. Positive coefficients indicate 
that in the long run the two variables tend to deviate from the averages 
of their respective means in the same direction. By higher coefficient, 
as used in the comparison of the two coefficients of a pair in the present 
connection, we understand that which is numerically larger when both 
have the same sign, or the one which most nearly approached -f i when 
the sign of one or both of the coefficients is negative. 

The differences in Table XXII are so taken that a positive sign indi- 
cates that the correlation is higher when (a) the Egyptian determination 
is made in the second series and the Upland determinations made in the 
first series, and (b) wffien the Egyptian determination is made in the 
second series and the hybrid determination in the first series, and (c) 
when the hybrid determination is in the second series and the Upland 
determination in the first series. 

Limiting our attention for the moment to the cross correlations be- 
tween the two parent types (i. e., omitting the correlations in which 
one constant is based upon a hybrid individual), ive note that the co- 
efficients are preponderantly positive in sign, thus showing that when 
a first determination on one variety is compared with a second determina- 
tion made at a later date on a sample of tissue of another variety drawn 
from the same part of the plot tdiere will be a measurable similarity 
between them. Individually the constants are low and can not in general 
be considered significant in comparison with their probable errors. 

The correlations in which one of the two variables is a constant based 
on a hybrid plant are very irregular and can not in general be considered 
significant in comparison with their probable errors: 

A comparison between the correlations for the two parent types 
shows that in 8 of the 12 comparisons the correlations are somewhat 
higher when the Upland culture furnished the first sample and the 
Egyptian culture furnished the second sample than when the reverse is 
true. 

We have at present no explanation to offer for this difference in the 
behavior of the two types of plants. The results are set forth merely 
as matters of fact ascertained in the determination of correlations to be 
used primarily in the determination of probable errors. (See p. 289.) 
The explanation of the facts must await further research. 

The correlations between the differences between the biological forms 
compared in the first series of determinations and the differences between 
the same forms, as compared in the second series of determinations , are 
given in Table XXIII. These are presented because they have been 
used in the' determination of the probable ' errors of the differences be- 
tween the differences. 

The second problem, that, of, the relative magnitude of the coefficients 
for the' four physicochemical " measurements, will , be "considered 'when 
the problem of the magnitudes of the correlations for the same duplet 
or triplet is discussed.' ' (See p. 319.) 



XXIII '—Comparison of correlation between ike differences between the various types of plunis {Pima Egyptian, Meade and Acaln Upland and 

Fi hybrid cotton) in the first and second series of determinalions, in ig2i ' 
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THE correlation BETWEEN THE MEMBERS OF THE SAME DUPLET 

OR TRIPLET 

A casual examination of the fundamental Tables X to XIII and XI" to 
XITII will have shown that there is a material correlation between the 
sap properties of the plants of the same duplet or triplet. This correla- 
tion may, in part, be assumed to be due to substratum heterogeneity 
and in part to the differentiation of the individual duplets or triplets 
from the population as a .whole by meteorological and time factors. 

Further evidences of the existence of such differentiating factors have 
been furnished by the correlations between the first and second determi- 
nations on plants of the same duplet or triplet as set forth in Tables 
XXI and XXII. 

It might be assumed that the coefficients of correlation between the 
physicochemical constants of the plants of the same duplet or triplet 
will furnish some measure of the susceptibility of these physicochemical 
constants (A, k, k/A, and Pjj) to the influence of (a) the relaWely perma- 
nent differentiation of the substratum and (b) the transient differentia- 
tion, due to variations in water content and atmospheric conditions. 
The closest correlations w^ould be expected for the characters which are 
more susceptible to external influences. This assumption will be valid 
if all of the physicochemical properties have been measured with an 
approximately equal degree of accuracy, so that the errors of measure- 
ment will not materially influence the correlation coefficients. 

We have, therefore, prepared a comparison of the correlations between 
the determinations of the same duplet or triplet in the various cultures. 
This comparison is made in Table XXIV. The constants given are the 
differences between the correlation coefficients as indicated in the head- 
ings of the columns. Thus A-k indicates the difference between the 
correlation for freezing-point lowering and the correlation for specific 
electrical conductivity between the members of the duplets or triplets 
of the rows indicated. The original correlation coefficients are given in 
the eight fundamental tables X to XIII and XV to XVIII of constants. 

The probable errors of the differences in the correlations between the 
various constants have not been determined, since we are not sure in 
how far the ordinary statistical theory of the probable error of the dif- 
ference between two constants is applicable to the present case. 

We have first to consider the correlation between the osmotic concen- 
tration of the plants of the same duplet or triplet in comparison with 
the magnitudes of the comparable coefficients for the other physicG- 
chemical properties. 

The correlation coefficient for osmotic concentration, A, is in every 
instance higher than that for specific electrical conductivity, k, and in 
every instance higher than that for the ratio of specific electrical con- 
ductivity to freezing-point lowering, ' k/A. It is in nearly' every case 
higher than that for hydrogen-ion concentration expressed in .terms of 
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Table XXIV . — Comparison of the correlations for the same duplet or triplet in ig2X^ 
for the various physico-chemical properties^ the values being the differences between ike 
coefficients of correlation for each pair of characters 


Member of duplet or triplet be- 
tween which the corr-elation is 
determined. 

Rows. 

Difference 
betw'een 
correla- 
tion for 
depres- 
sion of 
freezing 
point, A, 
and spe- 
cific elec- 
trical con- 
ductivity, 

K. 

A-K 

Difference 
between 
correla- 
tion for 
depres- 
sion of 
freezing 
point, A, 
and ratio 
of conduc- 
tivity to 
depres- 
sion, k/A, 
A-JcIA 

Difference 
between 
correla- 
tion for 
depres- 
sion of 
freezing 
point, A, 
and hy- 
drogen- 
ion con- 
centra- 
tion, Ph 
A-Ph ■ 

Difference 
between 
correla- 
tion for 
specific 
electrical 
conduc- 
tivity, K, 
and ratio 
of conduc- 
tivity to 
depres- 
sion k/A. 

/•;-«:/ A 

Difference 
between 
correla- 
tion for 
specific 
electrical 
conduc- 
tivity,. K, 
and hy- 
drogen- 
ion con- 
centra- 
tion, Pjj, 

K-P 

Difference 
between 
correla- 
tion for 
ratio of 
conduc- 
tivity to 
depres- 
sion, kIA , 
and hy- 
drogen- 
ion con- 
centra- 
tion ,p„ 

ic(A-p„- 

First series: 

Pima and Meade 


+ 0. 1829 

4 o. 4273 

4o. 4538 

4o. 2443 

4o. 2708 

4o. 026s 

Do 

3? 7 

+ .0887 

4. 2633 

4.5349 

4. 1746 

4. 4462 

4. 2716 

Do 

Pima and Acala 

: x.3.’S?7 
i 2.4,6 

! 4-. 1309 
! +• 1974 ' 

4. 3624 

-h. 2969 

4.4738 

-{-.6520 

4,231s 

4.0995 

i 4.3430 
: 4. 4346 

4. 11x5 
4.3351 

Hybrid, and Pima 

i : 

1 4.1577 

4. 37S3 

4.5672 

-f. 2206 

; 4. 409s 

4. 1889 

Bo 

3.> 7 

i 4-3755 

4. 6550 

-h. 1408 

4.2794 

1 -.2347 

-.5142 

Do 

I-’3 jSj 7 

i ■f.3266 

4. 5241 

4.4307 

! 4.1975 

, 4. 1041 

—.0934 

Hybrid and Meade 

r,*S 

1 4. 242S 

-r. 4087 

4. 6741 

1 4. 1659 

1 4.4314 ! 

4. 2655 

Do 

3.7 

j -f . 2996 

4.44S3 

4. 3S96 

1 4.1487 

-h. 0901 

— .0586 

Do 

i.t 3 vSj 7 

1 4. 2948 

4.4768 

4. 5790 

1 4. 1S21 

‘ 4.2S43 

4. 1023 

Second series: 

Pima and Meade 

IjS 

1 -r.4010 

4. 654s 

! A. 2074 

i 4. 2535 

—.1936 ’ 

— .4470 

Do 

3»7 

; 4.3772 

4.0917 

+. 0462 

; -•2855 

“*•3310 ! 

-.0455 

Do 


i 4.3638 

4.4033 

4 -. 1692 

! 4.0395 

1946 

-.2341 

Pima and Acala — , 

2,4,6 

■ -b .2273 

+. 32S2 

-f. 1170 

4. 0009 
4 . 4738 

1103 

— . III 3 

Hybrid and Pima 


i 4. 1550 

4.6289 

-f. 1149 

—.0401 i 

-• SI39 

Do 

3.- 7 

1 4.3047 

■*f . 1610 

— .0145 

— . 1437 

-.3193 

-.1755 

Do 

I.' 3 *S >7 

! 2064 

4.4187 

+.0748 

4. 2123 

— . 1316 

— •3439 

Hybrid and Meade 


! 4 . 5040 

4.9494 

4.4942 , 

4.4554 

— .0098 

-•4553 

Bo 

3 ? 7 

! 4.5162 

4.499s 

1 —.1615 

— . 0166 

“.6776 

— . 66 JO 

Do 


4 . 4S06 

4 . 7072 

1 4.1545 ' 

4. 2265 

— . 3362 i 

-•5527 


For fnrtlaer evidence on this point we may turn to Table XXI, 
showing the correlation between the various constants in the first and 
second series.^® The coefficients for the Upland and hybrid series hav^e 
been shown to be so nearly zero that they may be disregarded for the 
moment. Considering the more substantial values of the correlation 
for the Egyptian cotton, it appears that the highest values found are 
those for A, which are of the order 0.40. The correlations for k and 
kIA are of the order 0.30. The correlations for are sensibly zero. 

These results seem to indicate that the absorption of electrolytes from 
the soil is not the most important, or at least the sole, factor in the differ- 
entiation of the plants. This is shown by the fact that the correlations 
for osmotic concentration are higher than those for electrical conducti- 
vity and for ratio of conductivit}’ to freezing-point lowering. That 
synthesized solutes are of importance in differentiating the plants of the 
same duplet or triplet at the moment at which the collection is made, is 
shown by the substantial values of the correlations for 'hydrogen-ion 
concentration' between the members of the same duplet or triplet, as 
demonstrated for the Egyptian and Upland plants in the seventh column 
of Table XIII and for the parental and- the -hybrid types in the seventh 
"column, of Table XVIII. 

„ It is perhaps not surprising that the' correlation for total solutes should' 
-be' higher than that for either of its. -measured constituents. , 


“ In vi-ew of the fact that .we hope later to discuss in detail the problem of the relationship between the 
properties of the soil solution and those of the plant 'tissue fluids, it seems undesirable to -consider the cross 
correlations between, the first and second series of constants as set forth in Table 
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We may turn, again to Table XXIV for a comparison of the magnitudes 
of the correlations for specific electrical conductivity, ratio of conductivity 
to freezing-point depression, and hydrogen-ion concentration. 

In the first series the correlation for specific electrical conductivity 
is in every instance higher than that for the ratio of conducti^fity to freez- 
ing-point depression. In the second series the same relationship holds 
in only 7 of the 10 comparisons. The differences in both first and second 
series are generally low. We have no explanation of this result to 
suggest. 

A comparison of the coefficients of correlation for hydrogen-ion con- 
centration with that for specific electrical conductivity indicates that, in 
the first series of determinations the correlation for conductivity is higher 
than that for hydrogen-ion concentration, whereas in the second series 
of determinations the reverse is true. This result is substantiated by a 
comparison of the coefficients for the ratio of conductivity to freezing- 
point depression with those for hydrogen-ion concentration. 

The deterinination of the environmental (soil or atmospheric) or the 
internal conditions to which these differences are due presents a problem 
for fiitiire investigation. 

SUMMARY AND CONCLUSIONS 

While this paper is in substance a contribution to the comparative 
physiology of Egyptian and Upland cotton, its purpose has been broader. 
It is one of a series of investigations which have been undertaken with 
the conviction that the relative capacity for growth and production 
of different crop plants under special conditions ultimately depends 
upon intrinsic morphological and physiological differences, and that in 
our attempts to secure varieties of crop plants which may be success- 
fully grown under particularly stringent environmental conditions (sucli 
as &ose of extremes of temperature, or of aridity of the soil or atmos- 
phere, or of the concentration or reaction of the soil solution) we will in the 
long run make the most rapid and certain progress by determining the 
particular variables which fit the plant for growth under tliese con- 
ditions. With a working knowledge of these variables, based on inves- 
tigations of native vegetations and of crop plants, it will be possible to 
select varieties which seem most suitable for growth under peculiar 
environmental conditions. 

The present investigation .has been lim,ited to osmotic concentration, 
specific, electrical conductivity ' and acidity in terms of hydrogen-ion 
concentration in the leaf -tissue fluids of Pima Egyptian and of Meade 
and Acala Upland cottons and of those of the hybrid between' Pima 
and, Meade cotton as grown under irrigation in soutJiern Arizona. ' This 
has been in part because the technique for work with these variables is 
in a more satisfactory state of development than that for others which 
may, be of importance. The limitation has, however, been primarily 
because investigations on natural vegetation have indicated a close rela- 
tionship between the first ' two of these variables and the dryness and 
salinity of the substratum. , . , 

: ' The statistical constants' for sap properties are based on a large number 
of determinations on plants grown in i92'i- 'on subplots, at the Cooperative 
Testing' Station,, Sacaton,. Ariz,.'. , The, „determinations', were made in, two 
series,' the first based on ^ collections' of tissue made from ' August ' 6 to 
August 16; the , second on ' samples of 'tissue gathered" from August ig to 
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AugUvSt 27. The results for the two series of determmatioiis differ 
slightly but are mutually confirmatory, and substantiate those of pre- 
liminary determinations made in 1920. They establish the following' 
differences between the tissue fluids of the Egyptian and the Upland 
type of cotton. 

The osmotic concentration of the leaf-tissue fluids is higher in Egyptian 
than in Upland cotton. Thus, in the first series of determinations, the 
freezing-point depressions of tlie Egyptian plants grown from self-fertilized 
seed average 1.404 as compared wdth 1.353 in the associated Meade 
plants grown from self-fertilized seed; the Pima plants grown from bulk 
seed average 1.357 as compared with r.352 in the associated Meade plants 
grown from bulk seed; the Pima plants grown from bulk seed average- 
1.340 as compared wdth 1.300 in the associated Acala plants grown from,, 
bulk seed. In the second series of determinations the average for Pima 
plants from self -fertilized seed is 1.29S as compared wdth 1.2 12 in tlie 
Meade plants from self-fertilized seed; the average for Pima plants 
from bulk seed is x.257 as compared with 1.201 for Meade plants from 
bulk seed ; the average for Pima plants gro^wi in association with Acala 
is 1.280 as compared with 1.182 in the Acala. While the differences 
are not large, varying from less than i per cent to slightly more than 8 
per cent, the}’' are in the main far larger than their probable errors and 
are consistent throughout in indicating a higher osmotic concentration 
in the tissue fluids of the Egyptian cotton. The differences are greater 
in the second series than in the first. 

While these differences are small as compared with those which have 
been demonstrated between the native plant species of humid and those 
of arid regions, they may be of significance in the growth of the plants. 
Critical experiments to determine whether this is the case still remain 
to be made. 

The electrical conductivity of the leaf-tissue fluids of Egyptian cotton 
is significantly higher than that of either of the Upland cottons compared . 
This result is found consistently in each of the series investigated. The 
differences range from 2.93 to 3.77 per cent in the first series and from 
8, 1 9 to 9.22 per cent in the second series. The difference between the two 
cottons is greater in the collections made at the later date, notwithstand- 
ing the fact that the actual values of conductivity are lower. 

The higher values of electrical conductivity indicate that the Pima 
Egyptian cotton is capable of taking up from the soil and retaining in 
solution in the tissue fluids larger quantities of conducting electrolytes 
than the Upland cottons considered. 

The ratio of specific electrical conductivity, k, to freezing-point 
depression, A, is in general somewhat higher in Eg}^ptian than in Upland 
cotton. The differences are not, ho-wever, large. 

This result suggests that the tissue fluids of the Egyptian cotton con- 
tain relatively, as well as absolutely, larger quantities of solutes capable 
of carrying the electric current than those of Upland cotton. 

The reaction of the expressed tissue fluids is acid in both types of cotton. 
The values of ore lower in, Eg3q)tian than in the Upland type. Thus 
acidity,' as measured in terms of hydrogen-ion concentration, is greater 
in the Egyptian than in the Upland. ■ In .the first, series of determinations 
the value' of Ph is 5.245. in the Pima as nompared with '5.346 ' in the 
associated Meade pl^ts; grown 'from self-fertiliz^^^^ in' the' 

Pima as compared with 5.396 in the asso'ciated,' plants grown from bulk 
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Meade seed; 5.257 in the Pima as compared with 5.302 in the associated 
Acala plants. In the second series of determinations the differences are 
of about the same order, 

A comparison of the sap properties of the hybrids between Pima 
and Meade (P X M) with those of the two parents gives the following 
.results : 

The osmotic concentration of the tissue ■ fluids of the hybrid is lower 
than that of either of the parent types. 

When the hybrid is compared with parental cultures grown from self- 
fertilized seed, the hybrid has an osmotic concentration 3.87 per cent 
lower than that of the Meade parent and 7.36 per cent lower than that of 
the Pima parent in the first series of determinations, and 6.18 per cent 
.lower than that of ^the 'Meade parent and 12.4 per cent lo’wer than that of 
the Pima parent in the second series of determinations. 

Wdien the hybrid is compared with the parental forms grown from 
bulk seed, the hybrid has an osmotic concentration 4.34 per cent 'io\¥er 
than that of the Meade parent and 4.75 per cent lower than that of the 
Pima parent in the first series of determinations, and 8.18 per cent lower 
than ^at of the Meade parent and 12.3 per cent lower than that of the 
Pima parent in the second series of determinations. 

Since the Upland cotton has a lower osmotic concentration than the 
Egyptian, the difference between the hybrid and the Upland type is of 
necessity smaller than that between the hybrid and the Egyptian type. 
"The difference between the hybrid and the parent forms is greater in the 
samples taken later in the season. 

The specific electrical conductivity of the hybrid is in all cases loww 
than that of either of the parent types. In the first series of determina- 
tions the conductivity of the hybrid tissue fluids was 4.35 per cent lower 
"than that of the Meade parent and 7.84 per cent lower than that of the 
Pima parent when the two parents were grown from self-fertilized seed. 
The hybrid was 1.53 per cent lower than the Meade parent and 4.39 per 
■cent lower than the Pima parent when 'the parent forms were grown 
from bulk seed. In the second series of determinations the percentage 
■differences range from 0.33 per cent in comparison with the self-fertilized 
Meade parent to 9.11 per cent in comparison with the Pima parent from 
hulk seed. 

In 'general, the differences between the parent and the hybrid' forms 
.are greater in the determinations made later in the season. 

Since the conductivity is lower in the Upland than in the Egyptian 
type, the difference between the constant for the hybrid, and that for. 
the IFpIand parent form is smaller than that between the hybrid and the 
Egyptian parent type. ^ ^ ' 

The ratio of specific electrical . conductivity to freezing-point depres- 
sion, k/A, is generally but not invariably higher in liie hybrid than in 
the parent forms.' In the first series- of determinations the ' ratios are 
-sometimes higher' in the hybrid and sometimes higher in the parents. 
In the second (later) series, the hybrid- gave ^ a. ratio from 3.7 to 7,1^ per 
■'Cent- higher than tie 'parent forms. The , differencp. are,^ therefore, 
larger and more clearly significant - in - comparison . : with^ their , probable 
-errors in -the later- than in the earlier .series of. determinations.- 

The hydrogen-ioB' concentration-' of -''the hybrid .-is higher 'than that of 
'the Egyptian parent, but lower than that' of the' Upland parent. ' ' Thus 
rthe hybrid tissue..' fluids' are less acid th'an those of . ihe Pima parent, but 
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more acid thaii those of the Meade parent. , In short, the hybrid is 
intermediate in acidity between the two parental forms. 

The results for hydrogen-ion concentration are of particular interest 
since in respect to this physical constant the behavior of the hybrid is 
quite different from that in respect to osmotic concentration and specific 
electrical conductivity, both of which show values for the hybrid which 
are distinctly lower than those of either of the parent forms. 

Hydrogen-ion concentration is therefore in full agreement with the 
great majority of morphological characters (other than size) with respect 
to which the hybrid is intermediate between the two parent forms. 

The foregoing statements summarize the results as far as a com- 
parison of the two cottons and their hybrid is concerned. We now 
have to consider certain outstanding features of these series of con- 
stants as a whole. 

Conspicuous among these general features is the fact that practically 
all the constants differ in the two series of determinations, made earlier 
and later in the month of August. 

Both osmotic concentration as measured by the depression of the 
freezing point, A, and electrical conductivity, k, are lower in the second 
series of determinations than in the first, in "the case of both hybrids and 
parents. The differences are relatively large, and clearly significant. 
The ratio of specific electrical conductivit)^ to freezing-point depression, 
/c/A, is on the average lo'wer in the second series of determinations made 
on the parent forms, but higher in the second series made on the hybrids., 
The difference between the first and second series of determinations made 
on the hybrids is much larger than that between the first and second 
series made on the parent forms. The values of Ph, measuring acidity 
in terms of hydrogen-ion concentration, are uniformly higher in the 
second than in the first series of determinations. Since higher values 
of indicate lo\¥er acidities it is clear that the concentration of the" 
hydrogen ion is also lower in the second series. 

Thus the concentrations of total solutes (molecules and ions) of all 
ionized solutes and of the hydrogen ion are lower in the second than in 
the first series. The explanation of these changes must await further 
investigation. 

In its bearing on the problem of the differentiation of the two types of 
cotton it is perhaps significant that the second series, while showing 
absolutely lower values of osmotic concentration, specific electrical con- 
ductivity, and concentration of the hydrogen ion, shows unifonnly a 
greater differentiation with respect to these variables.. Thus the .dif- 
ferentiation between the two types increases with the advance of the'' 
season. 

The direct and the cross correlations between the homologous samples 
of the first and second series of determinations have been discussed. It 
is shown that the relationships for the Egyptian is very different from 
that for the Upland and hybrid plants. ' The explanation of these dif- 
ferences must await further investigation. 

There is a .significant positive correlation between the members of the-' 
same' duplet or triplet (the plants or groups of plants of the ■ two or ■ three" 

' types immediately associated at the -same station of the iield). This* 
indicates a large influence of soiTsalmity,' or some other factor of sub- 
''Stratum'/ heterogeneity', or , an influence of variations in', atmospheric 
conditions during the period ■ throughout which the samples" were taken,.. 
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In these correlations between the plants of the same duplet or triplet, 
the coefficients for osmotic concentration are higher than those for 
specific electrical conductivity, or for the ratio of specific electrical con- 
ductivity to freezing-point depression. They are in practically every 
instance higher than those for hydrogen-ion^^concentration. Thus the 
concentration of total solutes seems to be more influenced by the environ- 
mental conditions than the concentration of all electrolytes or of the 
hydrogen-ion. 
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PIRATE I 


Typical triplets of Pima Egyptian, Meade Upland, and Fj hybrid between Pima 
and 'Meade cotton, showing in each figure a plant of Pima at the left and a plant 
of Meade at the right of the Fj hybrid, which occupies the center of the group. 
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- SELECTIVE fertilization IN COTTON' 

By Thomas H. Kearney, Physiologist in Charge, 2m.d George J. Harrison, Field 

Assistant, Alkali and Drought. Resistant Plant Investigations, Bureau of Plant 

Industry, United States Department of Agriculture 

INTRODUCTION 

It has been shown that in cotton, under natural conditions of polli- | 
nation, a large majority of the ovules are self-fertilized, although the flower j 
is well adapted to cross-pollination and foreign pollen usually reaches | 
the stigmas (7,^ p. 9, lo, 34, jy). There is also evidence of complete i 
compatibility, even between different species such as Upland and Egyp- 
tian cottons, for pollen of both species proved to be equally effective in 
accomplishing fertilization when applied separately to the stigmas of 
Egyptian cotton flowers (7, p. 40-42). The question therefore suggests ^ 
itself whether selective fertilization, in favor of the like pollen when 
unlike pollen also is present, is a factor in the observed predominance 
of self-fertilization. 

The results of experiments by Balls, by McLachlan and by Kearney, 
summarized in another paper (7, p. 42-4g) showed that selective fertili- 
zation does occur in cotton. When the stigmas of Egyptian cotton were 
pollinated simultaneously with approximately equal quantities of Egyp-! 
tian and of Upland pollen, a large majority of the ovules were found to 
have been fertilized by the like pollen. The percentage of Egyptian X 
Upland hybrids resulting from such double pollinations was 10.8 ± 0.6 
in an experiment performed by Argyle McLachlan and 18.4 ± 1.5 in an 
experiment conducted by one of the writers, whereas, if both pollens 
had been equally effective in accomplishing fertilization, 50 per cent of 
the resulting plants should have been hybrids. 

Yet no general conclusion could be drawn as to the importance of 
selective fertilization in cotton, because experiments made hitherto in 
Arizona have not afforded decisive evidence that it occurs in the Upland 
type also. Reciprocal double-pollinations on Upland cotton by 
McLachlan indicated little or no selective fertilization, the percentage 
of Upland X Egyptian hybrids having been 42.3 ±1,1. Earlier experi- 
ments at Sacaton, Arizona, to determine whether selective fertilization 
takes place in Upland cotton failed because nearly all of the artificially 
pollinated flowers on the Upland plants were lost by abscission. 

The writers, assisted by Max Willett and Dow I). Porter, have now 
succeeded.in obtaininguonclusive .evidence .that ;selectiy.e„.fertiiizatio.n, 
in , favor of The like, .pollen, takes, place in ■ Upland, ..as well, as in Egyptian 
cotton. The purpose of this paper is to describe the experiments which 
yielded this,, evidence. . 


Accepted .for :publi.catio'il,;nec. 14, .1923. . .. . . , . 
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Selectiveiertilization, in favor of like as compared with unlike, although 
compatible pollen when both are present on the stigmas, has been shovm 
by Jones to occur in maize and tomato (j, 4, 5, 6). Experiments of 
Heribert-Nilsson indicated that it takes place also in Oenothera (a). The 
fact that members of such distantly related families as Poaceae, Mal- 
vaceae, Onagraceae, and Solanaceae manifest selective fertilization in 
favor of the like pollen, points to the conclusion that the phenomenon is 
by no means uncommon among flowering plants. Its probable impor- 
tance as a factor contributing to the differentiation of plant forms has 
been discussed by Jones (5). 

The evidence for selective fertilization brought forward by Jones, 
supplemented by data given in this paper, applies only to cases when 
“germ cells from tw’’o individuals of different type are presented at the 
same time in excess so that not all can fulfill their function’' (4, p. 253)^ 
and has no bearing upon the question whether there is selective fertili- 
zation among the several gametes produced by the same individual. 

METHOD OF INVESTIGATION 

The experiments were conducted at the Cooperative Testing Station 
at Saca ton, Arizona. The pollinations were made in 1922. The flowers 
to be pollinated were emasculated in the evening preceding anthesis 
and were enclosed in paper bags to prevent accidental cross-pollination. 
The flowers which were to supply the pollen were bagged at the same time. 
The pollinations were made at i p. m. of the following day, the procedure 
having been to detach the flower supplying the pollen and brush the 
stigmas of the emasculated flower lightly with the clustered anthers 
of the staminate flower (7, PL /, IF, F). 

Because of the mechanical difficulty of mixing the two kinds of pollen 
in equal proportion, recourse was had to the method of double pollina- 
tion used in an earlier experiment (7, p. 46). This consisted in pollinating 
one-half of the flowers first with the like pollen and then with the unlike 
pollen and reversing the order of application on an equal number of 
flowers. The two pollens were applied in as nearly as possible equal 
quantity and the interval between ^e two pollinations was negligible. 

Two experiments were performed, the pollinations of the first experi- 
ment having made during the period July 21 to 30 and those of the 
second experiment August 10 to 13. The Egyptian type of cotton was 
represented in both experiments by the Pima variety. The Upland 
type^was represented in the first experiment by the Lone Star variety 
and. in the second experiment by the Acala variety. The stocks of each 
Variety used in the experiments were not inbred families but had been 
grown from seed produced under conditions of isolation and were judged 
to be varietally pure. Well grown plants were used in both experiments, 
those in experiment i having been located in ad jacent plats, and those in 
experiment 2 in the same plat. Two hundred flowers of each variety 
were pollinated in each experiment. 

The seeds produced by the double-pollinated flowers were planted in 
1923. As many more bolls matured from the double-pollinated flowers 
on the Pima than on the Upland plants, the former yielded 
quantities of seed than the latter.^ The seeds from each to Pima 


® Absd^loa of the young bolls is always more pronotmced in Upland than in Pima cotton as grO'Wdi 
foacatott. 
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flowers were therefore mixed thoroughly and a representative sample of 
each lot w’-as planted. The quantities of seed from the several pollina- 
tions of the Upland flowers were so small that all were planted. 

The seeds representing each sequence of pollination (like + unlike and 
unlike + like) on each type of cotton in each experiment were planted as 
separate populations and these populations w^ere further subdivided, 
seeds from the upper and the lower halves of the bolls having been 
planted separately. This gave a total of eight ultimate populations 
from each of the two experiments, as follows : 


Pima X (Pima -p Upland) 

Do 

Pima X (Upland 4- Pima). .. 

Do 

Upland X (Upland -f Pima) - 

Do 

Upland X (Pima+Upland) . 
Do 


Upper halves of bolls. 
IvOwer halves of bolls. 
Upper halves of bolls. 
Lower halves of boils. 
Upper halves of bolls. 
Lower halves of bolls. 
Upper halves of bolls. 
Lower halves of bolls. 


These ultimate populations were variously combined in considering 
the data from different points of view. The plants grown from upper 
and lower seeds of the boils from each pollination are treated as separate 
populations only under the heading “Rate of growth of the pollen tubes 
in relation to selective fertilization. 


Four seeds were planted to the hill and no thinning was done. A 
total of 2,349 plants was obtained from the double-pollinated flowers 
of Pima and a total of 1,419 plants from the double-pollinated flowers 
of the Upland varieties. The difference in number of plants was due 
to the quantities of seed of the two types available for planting and not 
to better suiwival in the germinating and seedling stages of the plants 
from seeds produced by Pima flowers. For both types of cotton the 
number of plants which survived averaged 2.6 per hill 

On July 19 and 20, when the plants had developed sufficiently to make 
recognition of the hybrids unquestionable,^ counts were made of the 
total number of plants and of Fj hybrids in each population and from 
these data the percentages of hybrids were computed. 


COMPARISON OF EGYPTIAN AND UPLAND COTTONS AS TO SELEC- 
TIVE FERTILIZATION 


The data from the two experiments, showing the evidence for selective 
fertilization in both types of cotton, are presented in Table I. In each 
case the results from pollination first with like and then with unlike 
pollen, and the converse, are combined. It will be shown that the 
pollen applied first fertilized a greater number of ovules than the pollen 
applied afterward to the same stigmas, but it seems reasonable to assume 
that the percentage of hybrids obtained by combining the populations 
from like + unlike and unlike -f like poflinations as one array corresponds 
with what would have been obtained had it been practicable to mix 
the two pollens in equal quantity before application to the stigmas.® 

^ chaaracters distinguishing Fi hybrids of Pima and Upland cotton from the parental types were 
described in another paper <5, 7) . ; . . 

^ NTevertbeless, a small error is involved owing to the fact that populations of unequal size wrere obtained 
from the pollinations like+ unlike and unlifce+like. If, hoi??eveT, the percentages of hybrids for each 
sequence of polHnarion (as given in Table 11) are avera|fed4<ir each variety in each experiment, the aver-' 
ages departhut slightly from' the percentages based npon the , two sequences taken as one army, as. given 
in Table I, and the significance of the results is not altered. 




332 


Journal of Agricultural Research 


Vol. XXVII, No. 6 


Table I. — -Percentages of hybrids resulting from pollination of Egyptian {Pima) 
and of Upland {Lone Star and Acala) cotton flowers with approximately equal quanti 
ties of Egyptian and Upland pollen 


Populations from double pollinations of: 

Number of— 

Percentage 
of hybrids. 

Plants. 

Hybrids. 

EXPERIMENT I 




Pima with Pima-}- Lone Star and Lone Star-fPima. . J 

1. 381 

442 

32. 0^0.85 

Lone Star with Lone Star-f-Pima and Pima-f Lone Star 

752 

166 

22. I±I. 02 

EXPERIMENT 2 ' 




Pima with Pima-j- Acala and Acala-fPima 

968 


16, 8±o. 81 

Acala with Acala-f- Pima and Pima-j- Acala 

667 

220 

33 -o±i. 23 

BOTH EXPERIMENTS AS ONE ARRAY 

1 



Double pollinations on Egyptian 

2, 349 

60s 

25. 8±o. 61 

Double pollinations on Upland 

' ■ ■ i 

1, 419 

1 

386 

27. 2±0. 80 


Considering as one array all plants resulting from double-pollinations 
of the Egyptian (Pima) flowers and of the Upland flowers, respectively, 
(Table I, bottom section) it is evident that the percentages of hybrids 
were practically the same, the difference having amounted to only i .4 ± i .0 
per cent. In both cases approximately three-quarters of the ovules were 
fertilized by pollen of the same type and the departures from the 50 per 
cent expected if there had been no selective fertilization are extremely 
significant. 

It is interesting that while in the first experiment the Pima flowers 
yielded a significantly higher percentage of hybrids than the Upland 
flowers (difference 9.9 ±1.33), in the second experiment it was the 
Upland flowers that yielded a significantly higher percentage of hybrids 
(difference 16.2 ±1.47). The cause of this difference in the results of the 
two experiments may only be conjectured. Differences in the relative 
viability of the several pollens would seem to offer the most plausible 
explanation, but such data as were obtained show practically equal 
viability. 

Pollen from five flowers each of Pima and of Lone Star, each flower 
having been borne by a different plant, was tested as to its ejection when 
immersed in a 5 per cent solution of cane-sugar (7, p. 22-23).^ The 
estimated percentage of grains which ejected was 90 per cent for each of 
the Pima flowers and ranged from 80 to 90 per cent, with an average of 
87 per cent, for the five flowers of Lone Star. The tests were conducted 
during the period when the double pollinations of experiment i 
were being made. Similar tests of pollen from four flowers of Acala 
cotton made at the outset of experiment 2, showed ejection of from 90 
to 95 pet cent of the grains in the field of the microscope, 

SEQUENCE OF APPLICATION OF THE TWO POLLENS AS AFFECTING 
THE PERCENTAGE OF HYBRIBS 

Higher percentages of hybrids were obtained when the unlike pollen 
was appli^ first than when the like pollen was appli^ first. The data 
given in Table II show that this was the case for both types of cotton in 
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both experiments, although the differences were significant in only two 
of the four comparisons, that of the Pima flowers in experiment i and 
that of the Upland (Acala) flowers in experiment 2. The differences in 
these cases were, respectively, 6.3 and 8.4 times the probable error of 
the difference. The probable explanation is that in some of the flowers 
the surface of the stigmas was so well covered by the pollen applied first 
that many of the grains of the other kind of pollen did not come into 
contact with the stigmatic surface and hence were unable to effect fer- 
tilization. It should be noted that the highest percentage of hybrids 
resulting from application of the unlike pollen first (Acala with Pima 4- 
Acala in experiment 2) is significantly lower than the 50 per cent 
expected if there had been no selective fertilization, the departure having 
been 7.8^1.76. ' 

TablB II . — Percentages of hybrids resulting from double pollinaiion with (a) the like 
pollen applied first, (b) the unlike pollen applied first 


Sequence of application of the like and unlike pollens. 

! 1 

Number of— | 

Percentage 

Plants. 

Hybrids. 

of hybrids. 

,, EXPORIMBNT I 



1 

(a) Pima with Pima-f Lone Star 

741 

200 

27. 04 1. 10 

{h) Pima with Lone Star-j-Pima. 

Difference in favor of unlike pollen applied first. ... 

640 

242 

37. 8±i. 29 
10. 8 4 1. 70 
21. 2 4 1. 26 

(a) Lone Star with Lone Star-{-Pima 

481 

102 

(b) Lone Star with Pima-{-Lone Star. 

Difference in favor of unlike pollen applied first. .. . 

271 

64 

23, 6 4 x. 74 
2.442, 15 

EXPERIMENT 2 




(a) Pima with Pima-f- Acala 

627 

100 


(b) Pima with Acala+Pima ........ J 

Difference in favor of unlike pollen applied first. . . . 

341 

63 

18. $ 4 1. 42 
2. 64 X. 73 

Acala with Acala-f-Pima 

309 

69 

22.341. 59 

(6) Acala with Pima-f Acala 

Difference in favor of unlike pollen applied first 

3 S 8 

151 

,, 42. 241-76 

i 9 ' 9 d: 2.37 


SELECTIVE SURVIVAL AS A FACTOR AFFECTING THE PERCENTAGES 

OF HYBRIBS 

The percentage of hybrids in an adult population from double-polli- 
nated flowers would not represent the actual degree of selective fertiliza- 
tion if there had been selective survival in favor of either the homozygotes 
or the heterozygates. It is possible, even, that what would appear to be 
a case of selective fertilization in favor of like pollen might be, in reality, 
merely a result of pronounced selective survival of the homozygotes. It 
is important, therefore, to examine critically the evidence as to whether 
there had been selective survival in the experiments under discussion. 

Whether selective survival took place during germination and in the 
early stages of seedling growth is the first question to be examin^. Had 
this been the case it seems probable that the heterozygotes 
the homozygotes would have benefitted, since the Pima-Upland hybrid 
plants soon become conspicuously larger and more vigorous than the Pima 
or the Upland plants resulting from fertilization by like pollen. If there 
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had been selective survival of the heterozygous seeds or seedlings, the 
percentage of hybrids in the adult population would have been higher 
than the percentage of ovules fertilized by the unlike pollen. In that 
case the data in Table I would indipte less than the full measure , of 
selective fertilization in favor of the like pollen. 

Four seeds were planted in each hill but in many of the hills only one 
or two plants survived. If there had been selective survival in favor 
of either th.e homozygotes or the heterozygotes, it seems probable that 
the percentage of hybrids obtained where conditions were relatively un- 
favorable (hills containing one or two plants) would differ from the per- 
centage obtained where conditions w’ere more favorable (hills containing 
three or four plants). The percentages of hybrids under both condi- 
tions were therefore computed for the populations resulting from the 
double-pollination of Pima and of Upland ffowers, respectively, and are 
given in Table III. 

XABi^n III . — Percentages of hybrids in hills containing i or 2 and in hills containing j 
or ^ plants j respectively y four seeds having been planted hi each hill 


Percentages of hybrids in populations resulting from 
dQuble pollination of — 


1 

Number of plants per hill. j 

! 

Pima flowers. 

Uplanci flowers. 

1 

Total 

plants. 

Percentage of 1 
hybrids. 

Total 

plants. 

Percentage of 
hybrids. 

I or 2 

676 

11657 

23. 6 ± I. 10 
26. 6ibo. 73 
3.o±i.32 

411 

998 

29. 6 ±1. 52 
26. 94 

3 - 3 ±i* 79 

3 or 4. 

Difference 





The data presented in Table III show that in the population from 
double-pollinated Pima flowers the percentage of hybrids was greater 
where the conditions were more favorable to survival, while in the popu- 
lation from double-pollinated Upland flowers the converse was true. In 
neither population, however, was the difference significant, and it may 
be concluded that the percentages of hybrids obtained in these experi- 
ments were not appreciably affected by conditions operating after the 
seeds were planted. ■ 

The evidence seems conclusive that the case under consideration can 
not be accounted for as one of selective survival in the germinating and 
seedling stages. It remains to consider whether selective survival may 
have occurred at the time of fertilization or immediately thereafter. 
Since in the adult population homozygotes were much more numerous 
than heterozygotes, it might be assumed that even If equal numbers of 
the female gametes had been reached by both kinds of male gametes, an 
undue proportion of those reached by the unlike male gametes had per- 
ished because fertilization was not completed or because the resulting 
zygotes were unable to develop. Direct evidence on this point would be 
very difficult to obtain but the following considerations make it improbable 
that selective fertilization in this material can be explained in this way. 

The mean number of ovules in the ovary of Pima cotton, as determined 
in 1922, was 21.5 The mean number of seeds in the bolls which 
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developed from the double-pollinated Pima flowers in the experiments 
here described was i6.8 ±0.14. Therefore, an average of 4.7 ovules had 
failed to develop into seeds. The proportion of hybrids in the adult popu- 
lation from seeds borne by Pima plants, taking the populations of the 
two experiments as one array, was 25.8 per cent (Table I). It is com- 
puted therefore that the mean number of heterozygous seeds per boll was 
4.33 (25.8 per cent of 16.8) . Assuming that all of the ovules which failed 
to develop represent heterozygotes or uncompleted heterozygous unions 
and adding the mean number of undeveloped ovules to the mean number 
of heterozygous seeds, a total of 9.03 is obtained as representing the mean 
number of possible heterozygotes per boll. Even this number is only 42 
per cent of the mean number of ovules. A similar computation in regard 
to the Upland varieties in these experiments is impracticable because 
satisfactory data as to their mean numbers of ovules are not available. 

There is, however, no reason to assume that all or most of the unde- 
veloped ovules represent unsuccessful unions or attempts at union vdth 
unlike male gametes. The mean number of seeds per boll from the double- 
pollinated Pima flowers of these experiments (16.8) exceeds the average 
{16.5), for 10 lots of bolls from naturally pollinated flowers of the same 
variety, as ^ven in another publication (7, p. 51, Table jo). The highest 
mean number for any of these lots was 18.6 or . 2. 9 fewer than the mean 
number of ovules. It is evident that under the most favorable condi- 
tions a number of the ovules fail to develop, probably because they are 
defective or because they are not reached by pollen tubes. The conclu- 
sions seem warranted, therefore, that the percentage of undeveloped 
ovules in the present experiments was not abnormally high and that there 
had been no selective survival at fertilization or in the early stages of 
development of the zygote. 

0 

RATE OF GROWTH OF THE POELEN TUBES IN RELATION TO SELECTIVE 

FERTILIZATION 

In seeking an explanation of selective fertilization, the possibility of a 
difference in the rapidity of germination and of pollen-tube development 
of the like and unlike pollens is the first point to be considered. An 
experiment was described in another paper (7, p. 42) in which it was 
sought, by excising the stigmas and style at successive intervals of time 
after pollination, and by comparing the degrees of fertilization thus at- 
tained, to determine the relative rates of growth of Pima and of Upland 
pollen deposited separately on the stigmas of different Pima fiowers. 
The growth rates of the like and unlike pollens, under these conditions, 
were found to be very similar. The experiment was repeated in 1923, a 
number of Pirna flower buds having been emasculated the evening before 
anthesis and pollinated at 8 a. m. file next day, some of the flowers with 
Pima pollen and others with Upland pollen (Acala variety) . The styles 
of equal numbers of flowers of each pollination were then severed at the 
summit of the ovary at intervals of B, 10, and 12 hours after the pollen 
Was deposited.® A record was kept of the number of bolls which devel- 
oped from each lot of flowers and of the number of seeds in each boll. 
The results are summarized in Table IV. 


® This method *was used by Heribert-Nilssoii (») ia an investigation of the rate of j^oilea-tpbe growth in 
Oenothera. His resttite showed a more rapiti growth of the like pollen. 
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IV .—Relative rapidity of pemiration of the ovary of Pima^ cotton hy Pima and 
by Upland pollen tubes, as measured hy the degrees of fertilization attained when the 
pistils were excised at successive intervals 


Pollination witli— 


Number of 
Hours from 
pollination 
to excision 
of the pistils- 

Pima pollen. 

Upland pollen. 

Flowers 

treated. 

Percentage 
of bolls 
developed. 

Mean number 
of seeds per 
boll. 

Flowers 

treated. 

. 

Percentage 
of bolls 
developed. 

Mean number 
of seeds per 
boll. 

8 : 

100 

0 

0 

100 

0 

P 

10. . . ■ ; 

t 100 

i 2. ±0. 94 

8- S± 3 - S8 

ICO 

8. ±1. 83 

II. S±I. 42 

12 

i 

100 

1 

10. ±2. 02 1 

5. 3±i. 06 

ICO 

18. ±2. 59 

7- 8±o. 90 


In Pima cotton, under normal conditions of pollination, from 75 to 
97 per cent of the flowers develop bolls (7, Table J4, p. 55) and the 
bolls contain an average of from 14 to 18.5 seeds (7, Table jo, p. 51). 
Comparing with these figures the percentages of bolls developed and tire 
mean numbers of seeds per boll as given in Table IV, it is evident that 
relatively few pollen tubes had penetrated the ovaries within 12 hours 
, after deposition of thepollen. Yet, it should be noted that of the flowers 
I excised at this time, one, pollinated with Pima pollen, developed a boll 
containing 18 seeds and one, pollinated with Upland pollen, developed 
a boll containing 20 seeds. 

I The data, so far from showing more rapid development of the like 
|poilen, seem to indicate that better fertilization was attained by the 
I unlike pollen when the time available for penetration of the ovary was 
s shortened by excision of the pistil. In fact, however, the differences 
between the pollinations with Pima and with Upland pollen, in per- 
centages of bolls and in mean number of seeds, for either the lo-hour or 
the i 2 -hour period, are in all cases less than three times the probable 
error of the difference. 

The results of this experiment, agreeing in the main with those of a 

f similar experiment previously reported, make it reasonably certain that, 
when separately applied, like pollen has no advantage over unlike pollen 
in its rate of penetration of the ovary of Pima cotton. It does not fol- 
low, however, that there may not be a difference in the rate of penetra- 
tion when both pollens are present on the stigmas of the same flower. 
Jones (6) obtained evidence that in maize, when a mixture of two pollens 
was applied to the stigmas, there resulted a greater proportion of cross- 
fertilization in the upper than in the lower half of lie ear, from which 
he inferred a slower rate of development of the unlike pollen. The indi- 
cated differences in rate of growth seem, however, too small to account 
for the degrees of selective fertilization shown in some of Jones’ com- 
binations. . 

Maize, with its elongated female inflorescence and extraordinarily long 
styles, is far superior to cotton as a subject for the study of differential 
fertilization. In Pima cotton the stigmas and styles ayerage only 30 to 
35 mm. in length and in the Upland varieties used in these experi- 
ments they average not more than two-thirds as long as in Pima. The 
ovary of both types is otfly 5 or 6 tom. long at anthesis* In view 
of these facts it seemed unlikely that evidence of differential fertiliza- 
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tion could be obtained with this material, but it was thought advisable 
to test the possibility by experiment. 

In comparing cotton, with maize in respect to differential fertilization, 
the distinction applies which was made by Jones in comparing the results 
of Correns with Melandrium and his own results with maize. ''In the 
former the pollen tubes enter the ovary at a common point and are free 
to fertilize the first ovules they reach. The tubes which grow fastest, 
therefore, fertilize the ovules in the upper part of the ovary, leaving the 
slower-gTowing tubes to pass on down to the lovrer part. In Zea each 
ovule has a separate style, so that the longer the distance to traverse is, 
the less chance will the slower-growing tubes have of reaching the goal 
first” (6, p. 173). Since cotton resembles Melandrium rather than 
Zea in these points of structure, we should expect to find a greater pro- 
portion of cross-fertilized ovules in the lower than in the upper part of 
the ovary, if the tubes of the like pollen grow more rapidly than the 
unlike pollen tubes. 

All bolls resulting from the double-pollination of Pima and Upland 
flowers in the two experiments described in the first part of this paper 
were halved when ripe and the seeds from the upper and from the lower 
halves were planted separately. (See p. 331.) The per centages of hy- 
brids from upper and from lower seeds are stated in Table V, the popula- 
tions from pollination with like 4; unlike and with unlike 4- like pollen 
having been taken as one array for each type of cotton in each experiment. 


TabItE V . — Percentages of hybrids in populations grown from seeds from the upper and 
from the lower halves of bolls produced by double-pollinated flowers of Pima and of 
Upland cotton 


Experiment and pollination. 

Half of boll furnishing 

Number of — ' 

. Percentage ■ ' 
of hybrids. 

seed for planting. 

Plants. 

Hybrids. 

EXPERIMENr I 

. . 




Pima with Pima and. I^one Star . . 

Upper 

700 

227 

32.4±i. 19 

Bo 

Lower . .......... 

681 

215 

31- 6±i. 20 


Bifference .... 


0. 8±x* 69 

EXPERIMENT 2 




Pitna wiflh Ptma and Ac.ala. .. . . 

Unner. 

40 < 

62; 

15. 6±i* 21 

Bo 

lyOwer 

563 

100 

17- 8 4 : 1. '09 


Bifference. . . . 


2,2 4 : 1 :. 63 

. EXPERIMENT I . . 1 




Bone Star with Lone Star and 

Upper. 

373 

86 

' 23 ;' 0 ±i .47 

Pima. ' 



■'1 


BO' ' J 

Lower 

379 

So '■ 

21. i 4 :r-: 4 i 


Bifference.... 


'■ 'r. 94:'2. 04 

■ '.'EXPERIMENT 2. 



j 

Acala with Acala and Pima ... . . 

Uoner. ........... 


' ' 123 ' 

■ 32. o 4 :I'. 60 

■" .'BO'.v..: ^ 

Lower, 


97' 

' 34.' 2 4 : 1. 90 


Difference.,.. 

j; , ''2. '2 4:2. 48' 
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The data given in Table 'V show in ^no case a significantly greater 
percentage of hybrids from seeds contained in the lower halves of the 
bolls than from seeds contained in the upper halves, and therefore 
afford no evidence that the rate of growth of the tubes of the unlike 
pollen is inferior to that of the like pollen when the two kinds of pollen 
are in direct competition. 

The pistils of the Upland varieties are much shorter than the Pima 
pistils, but the Upland pollen fertilized equally well the ovules in the 
lower and in the upper half of the Pima ovary. Hence there is no 
evidence of a correlation between the length of the pistil and the length 
attainable by the pollen tubes, such as has been observed in other plants^ 

DISCUSSION 

Evidence has been presented by one of the writers that a large majority 
of the ovules normally are self-fertilized in both the Egyptian and the 
Upland type of cotton (7, 9, ro) . It was also shown that pronounced 
selective fertilization occurs in the Egyptian type, but no conclusion 
could be drawn as to the general importance of this phenomenon as a 
factor in the observed preponderance of self-fertilization, owing to lack 
of conclusive evidence that selective fertilization takes place in the Up- 
land type also (7, p. 42-49, 64), The results of experiments described 
in the present paper make it clear that selective fertilization occurs in 
both types and in about the same degree. Nearly 75 per cent of the 
ovules, on the average, are fertilized by pollen of the same type and 
variety when pollen of the other type is present on the stigmas simul- 
taneously and in approximately equal quantity. 

This evidence of pronounced selective fertilization should be considered 
in connection with the evidence given in another paper (7, p. 34, 55, 63) 
that as a rule a majority of the pollen grains reaching the cotton stigmas 
have originated in the same flower, in other words that there is usually 
present on the stigmas an excess of self-pollen over foreign pollen.® 
These findings afford a satisfactory explanation of the fact that self- 
fertilization predominates in cotton although the flower is so admirably 
adapted to cross-pollination (7, p. 12). 

Egyptian cotton, although apparently not referable to any one of 
the species of Gossypium recognized by taxonomists, is very closely 
related to U. harbadense L. and to G. peruvianum Cav. and exhibits 
differences from Upland cotton {G.hirsutum L.) which are of specific if 
not subgeneric magnitude (S, p. 4-6, Plates /, III, V-XI). Never- 
theless, the results of experiments described in another paper (7, p. 
40-42) have shown that when Upland pollen alone was applied to the 
stigmas of Pima flowers the fertilization attained was at least equal to 
that resulting from the application of Pima pollen alone.. It was foimd 
also that the reciprocal pollinations on Upland showed only a slight 

, ^ McClellaad {g) ascertained that when two species of Vanilla, one of which had a relatively short and 
the other a long colniaP, were cross-pollinated, pollen of the first type fertilized few or none of the ovnltS 
near the base of the ovary of the second type, while pollen of the second type (long column) fertilized the 
basal ovules of the first type (short column) even more readily than did its own pollen. Qu the other hand , 
Tokugawa found that when two species of rilium, one having a long style and the other a short style, 
were reciprocally cross-pollinated, the pollen tubes of either species grew faster in the pistil of the samespe- 
ci^ than did the foreign pollen tubes (10, 2Q, Table XU) . 

. seeming discrepancy that under natural conditions more of the ovules appear to be self-fertilized 

sn Egyptian than in Upland cotton, although selective fertilizatiGn occurs in both types in practically 
the same degree, is removed by the observations previouaEly recorded (7, p. $4-36) that the Upland flowers 

usually receive formgn pollen in greater quantity than the Egyptian flowers. 
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and possibly not a significant advantage in favor of the like pollen. 
The two kinds of pollen, therefore, do not differ appreciably in com- 
patibility. 

Tests , made in sugar solution showed no important differences in the 
viability of the several pollens, and the very fact that the Egyptian and 
the Upland flowers, when pollinated with a mixture of pollen of the 
two types, yielded approximately equal mean percentages of hybrids 
indicates that the average viability of the two kinds of pollen was prac- 
tically the same.® 

The case of selective fertilization here described is clearly not attrib- 
utable to differences in the viability or in the compatibility of the two 
kinds of pollen. The evidence is against the assumption that the phe- 
nomenon is one of selective survival of the homozygotes, at any stage 
from the formation of the zygote to the attainment of the adult state. 
So far as could be ascertained, the unlike pollen is not inferior to the 
like pollen in the rate of development of its tubes and in ability to unite 
with the female gametes. How, then, is the fact of selective fertilization 
in cotton to be explained ? 

The only hypothesis which seems to fit the observed facts is one pre- 
viously advanced (7, p. 48 ) that the presence of like pollen in some 
way prevents the germination or subsequent development of many of 
the unlike pollen grains when both kinds are present on the stigmas. 
That the i^ibiting factor does not reside in the stigmas themselves 
when like pollen is absent seems clear from the fact that when applied 
separately the unlike pollen is not inferior to the like pollen in rapidity 
of development and ability to effect fertilization.^® 

It is conceivable, however, that the presence of pollen of the same 
type may induce a physiological reaction in the stigmas which makes 
iiem a relatively unfavorable medium for the germination or growth of 
pollen of a different type. The further assumption must be made that, 
in spite of this unfavorable condition, some of the unlike pollen grains 
are able to accomplish fertilization, possibly because they are more 
resistant, possibly because they happen to be so placed as to avoid the 
tracts of stigmatic tissue affected by contact with the like pollen. It 
would seem that such of the unlike pollen grains as succeed in avoiding 
or overcoming this obstacle develop their tubes as rapidly as do the 
pollen grains of the same type, and that there is no appreciable differ- 
ence in the readiness with which the two kinds of male gametes unite 
with the female gametes. 

The double-pollination experiments with maize carried out by Jones 
involved pairs of types which showed various degrees of genetic differ- 
ence, some being nearly and others very remotely related. Apronounced 
positive correlation was found to exist between the degree of selective 
fertilization in favor of like pollen and the genetic distinctness of the 
lypea, as indicated by the degree of heterosis manifested by the crosses 
between them. As Jones expresses it, the handicap placed upon the 
foreign pollen is proportional to the germinal unlikeness'* 283). 

The experiments with cotton described in this paper involve only unre- 
lated t3q)es which differ profoundly in their morphological characters. 

^ It .is, of ■ coiiTse, possible tbat, even with a difference in the pc^len viability^ of two varieties,^ eQual per- 
centages,,. Of hybrids .tnight result fro,ni reciprocal .donble-poMination.^if s^eciive .fertilization, in favor of 
the like pOlleii'Were'inore'pronounced'in'the'vaHetyhaying the less viable pollen."' 

'This fact is' also difficult to, reconcile with’ the sageesUon hiade'^by Jones ii* P- 3^4^ 2^5) that we are 
concerned here with a phenomenon analogous to the toxicity Of foreign proteins. 
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Very pronounced heterosis is shown by hybrids between these types, 
yet the degree of selective fertilization in this case was much smaller 
than in some of the maize combinations tested by Jones, in which, when 
double-pollinated, there was a near approach to cross-sterility. It re- 
mains to be ascertained whether Gossypium is analogous to Zea in 
showing a smaller degree of selective fertilization between more nearly 
related forms. 
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The results of experiments made by Balls (r, p. X 22 ~i$s) indicate that the analogy exists, for he fomd 
that when either Egyptian or Upland cotton, was poEinated with a mixture of pollen of the same type 
and pollen from Egyptian X Upland Ei plants, the percentage of hybrids resulting was much higher than 
when a mixture of Egyptian and Upland pollens was applied to the stigmas. This is in conformity with 
femes’ jSiidings in Zea, since the first generation hybrid is. of course, more nearly related to either parent 
than , is the other parent.. 



THE EFFECT OF FERTILIZERS ON THE DEVELOPMENT 
OF STEM RUST OF WHEAT ^ 

By E. C. Stakman, Plant Pathologist, Division of Plant Pathology and Botany, Depart-- 
ment of Agriculture, University of Minnesota, and Pathologist, Office of Cereal Invesii- 
gations, Bureau of Plant Industry, United States Department of Agriculture, and O. S, 
AamodT, Pathologist, Office of Cereal Investigations, Bureau of Plant Industry, United 
States Department of Agriculture ^ 

INTRODUCTION 

For many years there has been an opinion that the severity of rust 
attacks on wheat and other cereals was influenced profoundly by available 
soil nutrients. Especially was it thought that heavy fertilization with 
nitrogenous manures was conducive to abundant development of rusts. 
Most farmers, and many scientists, did not distinguish between the dif- 
ferent kinds of rusts, so that many of the early observations have hut 
little value. About ten or twelve years ago, however, many farmers in 
Minnesota and neighboring States asserted that the kind of soil on which 
wheat was grown, as well as the amount of barnyard manure applied, 
affected very greatly the development of stem rust, Puccinia graminis 
Pers. In some localities there also was a pneral impression that wheat 
grown on clover soil was very likely to be injured badly by the rust. These 
observations seemed to indicate that nitrogenous fertilizers predisposed 
wheat to attack by Pticcinia graminis, and the results of controlled experi- 
ments made by several European investigators apparently supported 
these views. 

Comes (jY, Spinks (jo), Hiltner {12), Stranak (jy) and others pub- 
lished the results of experiments which indicated tiiat soil fertilization 
influenced profoundly the severity of stripe rust, Puccinia glumarum 
(Schm.) Erikss. and Henn., on wheat. Experiments conducted by the 
senior author (51) show that in general the absence or presence, in exces- 
sive amounts, of various nutrient substances, such as nitrogen and phos- 
phorus salts, did not directly affect the immunity or susceptibility of 
wheats to P. graminis. Conditions favoring normal host development 
increased the vigor of the rust. It seemed desirable to make more 
extensive experiments in the field, on different types of soil, and over a 
period of several years. Empirical experiments of a practical nature 
therefore were begun in 1914 and were continued for eight years. The 
writers tried to ascertain facts, the explanation of which was sought in 
special investigations.^ 


^ Accepted for publicatioai Noy. 19. 1933. Cooperative investigations between the Office of Cereal Investi- 
gations, Bureau of Plant Industry, Unitm States Department of Agriculture, and the Department of Agri- 
culture of the University of Minnesota. Published with the approval of the Director, as I^per No. 293 of 
the Journal Series of the Minnesota Agricultural Experiment Station.,, . , 

2 The writers are greatly indebted to Dr. E. J. Alway, Chief of the Division of Soils, Department of Agri- 
culture, 'University of Minnesota,: for' advice , and assistance-, ‘and for, placing the Croofcston plats at their 
disposal; and to Dr. C. H. Bailey, head of the Section of Cereal Technology,, Division of Biochemistry, 
University of Minnesota, for making certain analyses. They also are indebted to John H. Parker, F. J. 
PiemeisU, A. G. Ncwhall, and G. R. Hoemer, foimeily of the Office of Cer^l Investigations, and to C, R. 
Hursh, Agent, Office of Cereal Investigations, and Assistant Pathologist, Department of Agriculture, Univer- 
sity of Minnesota; for assistance in taking notes. 

® Reference is made by number (italic) to "Literature Cited,'' P- a??- 

^ Dr. Freeman Weiss and Dr. C. R. Hursh made these Studies as a part of the cooperative project between 
the Office of Cereal Investigations, Bureau of Plant Industry, United States I>epartnient of Agriculture, 
and the Department of Agriculture of the University of Minnesota. The r<Kults will be pubEshed in sepa- 
rate p,'apers. , ' 
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REVIEW OF PREVIOUS WORK 

A summary of what has been published on the factors which predispose 
to or protect plants from disease would comprise many bulky volumes. 
It should 'be axiomatic . that different host plants and pathogenes 'are 
affected different!}^ by^ environmental conditions. It is difficult or im- 
possible, therefore, to establish universally applicable principles, and, 
for this reason, only the most relevant literature is reviewed in this paper. 

Little (15), in 1883, stated that low, rich soils and heavy manuring, 
especially with nitrogenous manures, predisposed wheat to rust. Ander- 
son (i), in 1890, and Bolley (5), in 1889,^ expressed a similar opinion. 
Anderson found hard, ffinty vrheats resistant to rust. He thought 
resistance due possibly to the large amount of silica in such plants, 
and advised against the use of excessive quantities of ni^ogeiious fertili- 
zers, He recommends that salt, iron sulphate, and lime be used to 
prevent rust. 

Petermann {22, p. ly-id) reported in 1902 tliat wheat manured with 
superphosphate was very badly rusted, while that fertilized with volcanic 
slag was almost free. He thought the difference in resistance was due to 
differences in the strength of the cell walls. 

In 1903, Ward (jS), showed lack of minerals did not confer immunity 
from Puccinia dispersa Erikss. on bromes. 

Remer (24) observed in 1903 the effect of fertilization on cereal rusts 
in Silesia. He concluded that even a slight excess of nitrogen predisposed 
cereals to rust. Stable manure applied to soil previously devoted to 
. clover predisposed wheat and oats especially. He thought that ex- 
cessive vegetative vigor, consequent lodging, and greater leaf surface 
favored the development of rust, and tliat acid phosphate usually in- 
hibited its development on plants grown in soils in which there was not 
too much nitrogen. Potash did not predispose his cultures to rust. 

McAlpine (16), in 1906, found that the most vigorous plants often 
were most severely rusted and that early maturity favored escape from 
rust injury. Johnson (14), in 1911, stated that wet soils and luxuriant 
growth predisposed timodiy to the timothy rust, P. graminis phleipm- 
^^■Mnsis: Erikss. and Henn. Montenxartini {20) stated that starved plants 
were immune from rust and that phosphates always increased resistance. 
Freeman and Johnson (^) cite general observations on the apparent pre- 
disposing effect of nitrogenous fertilizers. 

Biffen (4), in 1912, found P. glumarum most abundant on plants which 
had received a complete fertilizer. The amount of rust decreased with 
a decrease in the amount of fertilizer used. 

Comes (7) states that nitrogen predisposed plants to rust, while non- 
nitrogenoiis fertilizers, especially potash, tended to increase resistance. 
He found that the concentration of organic acids was lowered, and that 
resistance to infection w’-as proportionately lowered. 

Spinks (jo) studied the effect of nutrient salts on the susceptibility 
of wheat to P. glwnarum and Erysipke graminis DC., and of barley to 
E, p^aminis. He concluded that heavy applications of nitrogenous 
fertilizers increased the susceptibility of wheat to stripe rust, and of 
: wheat and barley to powdery mildew. Potassium salts increased the 
resistance but did not counteract the effect of large amounts of nitrogen. 
Spinip concludes, how^ever, that a highly resistant variety tends to 
remain resistant even when heavily fertilized -with nitrogenous manures. 
Voelckeris results (57) were essentially similar to those of Spinks. 
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Hiltner (12), in 1914, noted that excessive use of Chile saltpeter greatly 
increased the amount of rusts on fall-sown wheat, but excessive amounts of 
ammoniuin sulphate did not increase them as much. 

In 1915, Stranak (jj), in his ' investigation of the effect of fertilizers 
on infection of wheat by P. glumarum, observed the greatest injury 
when the soil fertilization was unbalanced. Wheat grown on insuffi- 
ciently fertilized soil suffered the greatest damage. But wheat over- 
fertilized with nitrogen, especially when there was an' insufficient supply 
of potash or phosphates, also was nearly always severely rusted. 

Molz and Mliller (21) in 1914 and 1916 concluded that potassium and 
phosphate fertilizers increased the resistance of wheat to stripe rust, and 
that the effect of nitrogen was uncertain. 

Stakman (51) in 1913 made experiments on the effect of nutrient salts 
on the development of P. graminis on wheat plants in soil and sand 
cultures and found that excessive amounts of such fertilizers as iptrogen 
and phosphorus salts had no direct effect on the immunity or suscepti- 
bility of wheats. He considered temperature conditions and atmospheric 
humidity probably more important than soil conditions. 

Armstrong (2), in 1922, pointed out that wheat fertilized with sodium 
nitrate was delayed and opportunity for the development of P. glumarum, 
was increased. He attributed the effect of nitrogen to a lengthening of 
the growing period rather than to an actual increase of susceptibility. 

Gassner (10), investigating the effect of fertilizers on the development 
of rusts of wheat, oats, barley, rye, and maize, in Uruguay, found that 
an apparent effect of fertilizers on the development of P. graminis was 
due to the effect on maturity of the host plants rather than to a change 
in the actual resistance. 

Vavilov (j6, p. 60-61) concluded that the apparent increased sus- 
ceptibility of wheat to Puccinia triticina, when grown in soil fertilized 
with nitrogen, was due to increased development of leaf surface rather 
than to any change in real resistance. He grew 30 pure-line selections 
of spring wheat, of varying degrees of resistance to P. triticma, in un- 
fertilized soil and also in soil heavily fertilized with potassium nitrate. 
There were only slight differences in the amount of rust on the plants in 
different pl|ts, and resistant varieties remained resistant under all 
conditions. 

Haines {23) studied the factors governing the virulence of P. coronaia 
Cda., P. secalina Qrove^ P. triticina 'Btikss,, and P. sorghi Schw. He was 
of the opinion that a more catholic point of view in pathologic thought, 
recognizing that, for longer or shorter phases in the course of a disease, 
the relation between host and parasite may be highly mutualistic, would 
be of material value as a working concept in the study of diseases and m 
defming the practical of disease prevention and control.'* 

This conclusion, in general, corroborates the evidence given by Ward 
(39), Arthur (j), Sheldon (27), Gibson (zi), Stakman (31), Fromme 
(9), Mains (17), and others that the vigor of various rust parasites is 
likely to be directly proportional to the vegetative vigor of the host. 
The observations of Zavitz {41) on the effect of spacing also may be ex- 
plained on the basis of greater vegetative vigor. Butler (6, p, 473-474) 
gives some evidence, however, that well nourished coffee bushes can 
withstand attacks by coffee rust, Hmtileia vasiatrix B. and Br., better 
than those which are growing under less favorable conditions. 

It is apparent that the general consensus of opinion is that nitroge- 
nous fertilizers increase the susceptibility of cereals to rusts, while pot^- 
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sium and phosphorus salts tend to decrease it. Some investigators, 
notably Comes, apparently attribute the effect principally to changes 
in the chemical composition of the' plants; others, such as Schindler 
(ad, p, j 68 ), Russell (^5), and Miyake and Adachi (19) think the effect 
is rather on the mechanical composition of the cell walls. Schindler says 
that acid phosphates seem to cause, the development of stronger tissues 

strammeres Gewebe”)- Russell concludes that the walls of plants 
fertilized, with excess nitrogen are thinner than they normally would be, 
and parasitic fungi therefore can penetrate more easily. Miyake and 
Adachi agree with Russell regarding the effect of nitrogen, and they 
report that potassium fertilizers strengthen the cell walls and thus in- 
crease resistance. Still others, especially Gassner (jo), Freeman and 
Johnson ( 8 ), Stakman and Aamodt (ya), and Armstrong (a), suggest 
that the effect of fertilizers is at least partly indirect. 

Hurd’s results (ly) do not support the views of Comes that acidity of 
the holt plant is the determining factor in resistance. She found no 
positive correlation between hydrogen-ion concentration and resistance. 
Neither could Hursh^ find any correlation between sugar content of 
different varieties and the resistance to Puccinia graminis. On the 
other hand, there is some evidence that fertilizers may alter the structure 
of the host sufficiently to account partly, at least, for differences in the 
resistance of the same variety grown under different conditions. 

That fertilizers may cause an apparent change in resistance by in- 
fluencing rate of growth, density of stand, date of maturity, and yield 
can hardly be questioned. 

OBJECTS OF THE INVESTIGATION 

The objects of the investigation were: i. To ascertain whether natural 
and artificial fertilizers alone and in various combinations, directly or 
indirectly, affect the degree of susceptibility of susceptible and resistant 
varieties of wheat to Puccinia graminis and P. triticina; 2. To ascertain 
what effect fertilizers have on the density of stand, the succulence of the 
plants, the degree of lodging, the date of maturity and similar characters 
which might indirectly influence the development of the rust; 3. To de- 
termine whether the same amount of rust will produce different degrees 
of injury when the plants are grown in different types of soil; 4. To de- 
termine whether plants receiving excessive nitrogen fertilization are 
especially liable to rust injury. 

Attempts were made to predispose plants by means of barnyard ma- 
nure, by growing tiiem on clover and alfalfa soils and by adding nitrates 
directly to the soil It was desired also to find out whether phosphates 
and potash could counteract the effect of large amounts of nitrogen and 
whelher a combination of fertilizers could be found which would enable 
the plants to yield well in spite of rust. While the pnmar^ was 

to determine, for practical purposes, the effect of norinal amounts of 
fertilizers on the severity of rust attacks, attempts also were made to 
ascertain the effect on rust resistance of excessive amounts of fertilizers. 
As the work progressed, it became increasingly evident that it would be 
necessary to secure data on the effect of fertilizers on density of stand, 
succulence, degree of lodging, date of maturity and similar characters 
which indirectly might affect the development of rust without necessarily 
changing the actual resistance of the plants. 


® Unptiblisaed results. 
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After data had been obtained for several years from the field experi- 
ments, it became evident that the same amotint of stem rust might not 
equally injure plants grown in different kinds of soil. It was suggested 
that plants very heavily fertilized with nitrogen might be especially 
liable to rust injury on account of succulence, weak straw, and high water 
requirement. Special investigations therefore were made on these 
phases of the problem,® 

EXPERIMENTAL METHODS 

Field experiments and observations were made for eight years on several 
types of soil and in several localities in Minnesota. Some pot experi- 
ments also were made. Four of the years were “rust years '' and four 
were not. 

The most extensive experiments were made on University Farm, and 
the Quinn farm, St. Paul. One series was made at Anoka; and observa- 
tions were made on the regular fertilizer plats of the Division of Soils 
at Morris and at Crookston. 

The soil on University Farm is the Hempstead silt loam. It varies 
considerably, but, in general, is well supplied with all necessary plant 
nutrients. It is described by Smith and Kirk (28) as follows: “The sur- 
face soil of the Hempstead silt loam consists of about 10 to 18 inches of 
black to dark brown silt loam, underlain by a subsoil consisting of brown 
to yellowish-brown-silty clay to silty clay loam, which extends to a 
depth of about 3 feet. Local variations include a somewhat open and 
loamy texture on the one hand, and a rather heavy and compact structure 
on the other. The substratum consists of a bed of rather clean gravel 
and sand.” The series at University Farm was on the heavier and com- 
pact type, while that on the Quinn farm was on the more open and 
loamy texture. 

The soil at Anoka is a loamy sand, often deficient in nitrogen. The 
following description is given by Smith et al. (ap): “The Merrimac 
loamy sand consists of a brown to very dark brown loamy sand, 10 to 18 
inches deep, underlain by a brown loamy sand subsoil and substratum. ” 

The plats at Crookston were on loam which is very rich in organic 
matter and does not require artificial fertilizers. According to Mangum 
et al. (i<?), “The soil, to an average depth of 12 to 15 inches, consists of a 
dark brown to black silty clay which contains a very large percentage of 
organic matter. This material becomes slightly heavier as the depth 
increases and grades at about 12 inches into a heavy drab to gray silty 
day, with a very finely stratified structure. ” 

The fertilizer plats were laid out on uniform, level soil in order to 
avoid errors due to lack of uniformity in chemical composition, and to 
the washing of fertilizers from one plat to another^ During the first 
four years, the size of the plats was one square rod. Three-foot alleys 
separated them from each other. In 1918, 1920, 1921, and 1922 obser- 
vations were made on tenth-acre permanent fertilizer plats. Data on 
percentage of stem rust only were obtained from these plats. 

The general plan of the commercial fertilizer plats in 1915, 1916, and 
1917 on University Farm is shown in Table I. Modifications of this 
plan are indicated in the proper places. 

« The re^ts are published iu the Journal of Agridultiuid Researih in s^mratc papers hw Ur. 

Weiss and Br. C. lC.''Hui^hv 
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Tabi^E plan of commercial fertilizer phis in igiSt IQi6, and on tJni- 

versity Farmj St, Paul, Minn.^ 


Eertilizer. 


Fertilizer, kind and amonnt in pounds per acre. 


Kind. 

Amount 
per acre 
(pounds). 

j Sodium nitrate. 

None. 

Potassium' clilorid. 

1 r,ooo 

500 

250 

1 1,000 

SOO 

1 250 

Acid phosphate 

f 2, 000 

j 1,000 

1 500 

INone. 

i 

! 22 

2 

9 

16 

23 

3 

10 

17 

24 

4 

11 

18 

25 

5 ' 
12 1 
19 
26 

6 

^3 

20 

27 

7 

14 

21 

28 


® The plats are numbered from left to right in all plat plans. 


It will be noted from Table I that there were 28 plats in the regular 
series. The fertilizers, and amounts applied, are indicated at the left 
of the horizontal columns and at the tops of the vertical ones. For 
instance, plat 3 (reading from the upper left-hand plat to the right), 
received an application of acid phosphate at the rate of 2,000 pounds 
per acre and sodium nitrate at the rate of 250 pounds per acre. Plat 
4 received only phosphate, and plat 25 is a control. Each of the three 
fertilizers was used alone in three concentrations, and combinations 
were made between acid phosphate and each of the other fertilizers. 
This plan was changed slightly in some of the experiments in order to 
make other combinations of fertilizers, and, on the poorer soils, a complete 
fertilizer also was used. In addition, experiments were made with 
barnyard manure in combination with other fertilizers. In 19x5, plats 
were established at University Farm on cabbage, clover, and alfalfa 
soils. The details will be given under each experiment, as they vary 
considerably. 

The principal commercial fertilizers used in the tests made during the 
first four years were acid phosphate, sodium nitrate and potassium - 
chlorid. In 1916, potassium chlorid could not be obtained, so potas- 
sium sulphate was used instead. The barnyard manure used was well 
rotted.,,"; 

The acid phosphate was worked thoroughly into the soil before seed- 
ing, while potassium chlorid and potassium sulphate were applied as a 
top dressing immediately after seeding. The sodium nitrate was applied 
as a top dressing shortly after the plants had emerged from the soil, 
and applications were made at two-week intervals, at the rate of 250 
pounds per acre, until the total amount had been applied to each plat. 
The manure, which alwa3rs refers to well-rotted barnyard manure, was 
applied before seeding and was thoroughly worked into the soil. 

A resistant and a susceptible variety of wheat were sown in each 
plat in most of the experiments at University Farm. The varieties 
used and their average degree of resistance to stem rust under field 
conditions will be given under the description of each experiment. 

Under ordinary conditions a severe epidemic of stem rust is not sure 
to occur every year. Owing to location^ no attempt was made to induce 
the development of artificial epidemics on the wheat in the plats on the 
Quinn farm, or at Anoka and the Crookston substation. Definite 
measures, however, were taken to produce a severe epidemic on the 
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plats at University Farm. By the method described below a severe 
epidemic was obtained each year. 

Common barberry bushes, covered with wheat straw containing 
teliospores, were grown in the field. This, straw was placed around the 
barberry bushes late ^ in the fall and was allowed to remain until the 
leaves had unfolded in the spring.. Abundant aecia developed on the 
barberry leaves. Winter wheat was sown early in the fa.ll around the 
barbeny bushes. This resulted in the production of urediniospores on 
the winter wheat early in the spring. The wheat plants in the fertilizer 
plats were then sprayed with a water suspension of aeciospores from the 
barberry leaves and urediniospores from the winter wheat. The plants 
were sprayed every other day after sunset, or during the day in wet, 
cloudy weather, until a heavy epidemic was assured. In addition, 
flower pots, containing wheat seedlings, well covered with uredinia, 
were placed in the plats. Large quantities of rusted material were 
developed in the greenhouse and there held in readiness to be placed in 


I 2 8 • 4 t 5 6 



FiG- Scale for estimating percentage of stem rust, rhe shaded si>ots represent rust, and the figures 
represent approximately the rust percentages computed on the basis of tie maximum amount dl sur^ 
face covered by rust as shown in No. fi, which represents 37 per cent of surface covered with rtist pUfr 
tuies and is aroitrarily selected as 100 per cent, CHher percentages are based on No, ft. (From Office of 
Cereal Investigations, United States Department of Agriculture.) 

the field at the proper time. Spore suspensions for spraying also were 
made from this material. Hand inoculations were made in the field in 
the same manner as in the greenhouse. For this purpose control rows 
of a susceptible variety were sown along the side of the plat. Afte the 
inoculum had been placed on the seedlings, they were covered with a 
bell Jar, or inverted flower pot, for 48 hours, the soil being kept wet 
around the jar or pot during this period. 

The scale (fig, i) used in stem-rust investigations made by the 
Oifice of C^eal Investi^^^ of the United States Department of 
Agriculture, was used in estimating the percentage of rust. 

The final percentages of rust infection were estimated just before the 
plants ripened. They were ^ made by several experienced observers, 
some of whom did not know the disposition of fertilizers in the plats. 
The estimates made by the different individuals did not vary over 5 
per cent for any one plat. 

Estimates of the degree of lodging, the severity of stem rust on the 
peduncle, sheath and leaves, the amount of seed shriveling, and the 
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degree of crinkliiig are indicated in the tables of results by the following ^ 
figures; 

o per cent—none. , 

20 per cent— very vlight. ■ 

40 per cent — light. 

60 per cent == medium. 

■ 80 per cent— heavy. 

100 per cent == very heavy. 

EXPERIMENTAL RESULTS 

EXPERIMENTS WITH COMMERCIAL PERTIUZERS IN I914 

The experiments in 1914 were preliminary. Nine plats of i square 
rod each, separated from each other by 3-foot alleys, were laid out 
on fairly light Hempstead clay loam on University Farm, St. Paul, Acid 
phosphate, at the rate of 480 pounds per acre, was added to three of 
these plats; sodium nitrate was added to three others at the rate of 360 
pounds per acre; and tliree remained untreated as controls. Three varie- 
ties of wheat were sown, one on each of the square-rod plats to which the 
same fertilizer had been applied. These varieties were Glyndon Fife, ^ 
C. I. 2873/ ^ spring wheat, which is susceptible to stem rust in 

the field in Minnesota; lumillo, C. I. 1736, a very resistant durum, and a 
moderately resistant selection from a durum-common cross. The seed 
was sown late and a heavy epidemic of stem rust developed. 

As will be seen from Table II, the amount of stem rust which devel- 
oped on the same variety in the different plats varied very slightly. On 
Glyndon Fife, the range was from 80 to 85 per cent; on lumillo, it was 
from 15 to 20 per cent, and on the hybrid from 35 to 50 per cent. The 
lowest percentage of stem rust on Glyndon Fife was in the plat fertilized 
with acid phosphate, but on lumillo and the hybrid the highest percentage 
was in the phosphate plats. 

While the results are only indicative, it is quite clear that none of the 
fertilizers had an appreciable effect on the amount of stem rust. There 
was so little leaf rust that no data were obtained on its relative prevalence. 

Tabi^E IL — The perceniages of stmt mst on Glyndon Fife, lumillo, and durum-common 
hybrid wheat in igi4, in the commercial fertilizer plats on University Farm, St. Paid, 
Minn. 


Vsdety of wheat and percentage of 



stem rust. ’ ' : 


Glyndon 

Fife. 

lumillo. 

Semiresist- 
1 ant hybrid. 


jPer cmi.: 

Fer cmt. 

Per ' 

Control, none. 

85 

15+ 

35 

Acid phosphate 480 

80-h 

20— 

SO 

Sodium nitrate 160. .... . ... .. ... . ... . . . ..... . . ... , . . . 


20— ' 

35 


^ Accession number of the Office of Cereal Investigatidhs, U, S. Dcpartbient of Agriculture. 
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EXPERIMENTS IN THE GREENHOUSE IN 1914-15 

As there was no observable effect of the different fertilizers on the 
amount of stem rust in the field during the summer of 1914, experiments 
were made in the greenhouse during the winter to determine whether 
an effect could be brought about under controlled conditions. 

Wheat, oats, barley, and rye were sown in ordinary greenhouse soil, 
made up of sand, leaf mold, and black loam in 4-inch pots, where the 
plants were ^ grown to maturity. Fertilizers " were added* to some and 
others were left as controls. 

Wheat plants were inoculated with Puccinia grammis tritici and 
came quite uniformly infected with rust. The lightest infection was on 
plants which had been fertilized with acid phosphate. It was evident, 
however, that too much fertilizer had been used, since the plants were 
subnormal in vigor and size. Even when so much acid phosphate was 
used, however, that the plants were injured, the development of stem 
rust was not greatly inhibited. 

Several pots of barley were fertilized with sodium nitrate and others 
with potassium chlorid. About 20 plants were inoculated in each 
series. Practically 100 per cent became infected. The uredinia, how- 
ever, on the plants which had been fertilized with sodium nitrate were 
larger than were those on plants which had been fertilized with potassium 
chlorid. As there seemed to be some effect of fertilizers on the develop- 
ment of rust on plants growing in the greenhouse, an attempt was made 
to ascertain whether fertilizers would influence the development of 
stem rust on a semicongenial host 

Rye was inoculated with Puccinia graminis iriiici, to which it is highly 
resistant Some of the plants were grown in soil that had been heavily 
fertilized with sodium nitrate and others were grown in unfertilized 
soil. Two of the 13 plants which had been fertilized with nitrogen 
became infected, and one of the 19 grown in ordinary soil also developed 
uredinia. There were very few uredinia on any of the plants, but the 
individual uredinia were slightly larger on the plants which had been 
fertilized with sodium nitrate. 

In order to get further data on the effects of fertilizers on the develop- 
ment of rust on a very highly resistant host, 58 barley plants growing 
in soil which had been heavily fertilized with sodium nitrate, and 40 
growing in soil which had been heavily fertilized with potassium chlorid, 
were inoculated with Puccmia graminis avenae. Barley is almost immune 
from this form of stem rust although minute uredinia, usually smaller 
than a pinhead, sometimes are formed. One plant in the nitrate series 
became infected, and two of those in the potassium series developed 
uredinia. All of the uredinia were extremely small The msistance of 
the barley plants to Puccinia graminis avenae certainly was not broken 
down by excessive fertilization with nitrogen, nor did the resistance 
seem to be increased by heavy fertilization with potassium chlorid. 

In order to get still more information regarding the effect of stem rust 
on a congenial host, experiments were made with Puccinia graminis 
menae on oats. Acid phosphate was added to the soil in some of the 
pots, while no fertilizer was added to others. So much acid phosphate 
was added that the tips of the leaves burned slightly. The degree of 
infection was about equal in both series. However, sometime after the 
plants had become infected, the uredinia seemed to be larger on the plants 
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which had not been fertilized with acid phosphate. This seemed to be 
quite natural^ as the fertilized plants were small and unthrifty. They 
had been injured by excessive fertilization, but,, even then, stem rust 
developed fairly well. 

FIEnO EXPJ^RIM^NTS WITH COMMERCIAL FERTILIZERS IN I915 

The field plats in 1915 were laid out on University Farm on rather 
heavy Hempstead loam soil ® which had grown alfalfa for the preceding 
15 years. Each plat was i square rod in extent and all were separated 
from each other by 3-foot alleys. The general arrangement is shown in 
Table III. The fertilizers were applied as indicated under ‘‘Experi- 
mental methods.’' 



Fio. a. — Graph, showing the percentages of stem rust on Haynes Bluestera and on luraillo and the per- 
centage of lodging and acre yield in bushels (31 bushels =» 100 per cent) of Haynes Bluestem grown in 
plats which had received acid phosphate at the rate of 2,000 pounds per acre plus different amounts, 
in pounds, of sodium nitrate (N) and potassium chlorid <K) in the commercial fertilizer experiments 
in 19x5 on University Farm, St. Paul, Minn. 

rust on Haynes Bluestem. 

lodging of Haynes Bluestem. 

yield of Haynes Bluestem. 

rust on Itimillo- 

On May 6, Haynes Bluestem, C. I. 2874, w^as sown on half of each plat; 
and lumillo, G. I. 1736, was sown on the other half. Haynes Bluestem is 
a hard red spring wheat, one of the best milling wheats grown in that 
region. But it is extremely susceptible to black stem rust, as is indicated 
by the fact that this variety has had an average infection of 70 per cent 
in the Minnesota rust nursery during the past eight years. lumillo is a 
highly resistant durum on which the average percentage of rust in the 
Minnesota rust nursery from 1910 to 1920 was 10 per cent. 

The seed was sown on May 6. Differences in the character of growth 
of the wheat in the different plats became apparent soon after the plants 
came up. The heaviest stand was on the nitrate plats, and the density 
of stand was iu direct proportion to the amount of nitrogen applied. 
The plants were very succulent and soon began to lodge rather badly. 
The plants in the nitrogen plats also were a much darker green than 
those in the other plats. There was very little difference in. the general 

® See descripticm of tW& sdl imdiu'*‘Metbpds.**^'^ 
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appearance of the plants in any of the plats except those which had 
been fertilized with nitrogen. 

On July I, stem rust began to appear on Hajmes Bkiestem. None had 
yet appeared on lumillo. By July 27, Haynes Bluestem was uniformly 
infected with stem rust, but there were no apparent differences in lie 
degree of infection in the diiferent plats. On August 25, the plants 
were practically ripe and final observations were made. The results are 
given in Table III, which also is a diagram of the plats and their treat- 
ment. Figure 2 presents graphically the results, from the series of 
seven plats receiving 2,000 pounds of acid phosphate and various other 
treatments. 


TAsm 111.— The effect of commercial fertilizers on the percentages of stem rust on lumilh 
and Haynes Bluestem wheats; and on the degree of lodging and yield of Haynes Bluesiem 
in igig on Uni-versity Farm, St. Paul, Minn, 



fertilizer. 

Fertilizer, kind and amount (pounds) 
per acre. 

Infection, lodging, and yield. 

Kind. 

Amount 

per 

Sodium 

nitrate. 

[ 

None, 

1 

Potassium 

chlorid. 


acre. 

1,000 

Soc 1 

as© 


1,000 

[ Soo 

as© 

Per cent stem rust, Haynes Bhie- 
3tem 


Pounds^ 

2,000 

[70 

76 

80 

78+ 

77 

82 

78 

Per cent stem rust, lumillo 


lio 


20 

20— 

15 

12 — 

15 

Per cent lodging, Haynes Bluestem. 
Bushels per acre, Haynes Bluestem. 


|8o 

1 5 

80 
12. 8 

60 
IS- 8 

0 

16. 6 

0 

27.9 

0 

2d. 2 

! 0 

26. 9 

Per cent stem rust, Haynes Blue- 
stem 



[76 

78+ 

So 

18 

80+ 

20+ 

8s 

86 

8s- 

Per cent stem rust, lumillo. ....... 

i 

& 

. 0 

I, 000 

j20~‘ 

15 

20 

20 

20 

Per cent lodging, Haynes Bluestem. 
Bushels per acre, Haynes Bluestem. 

[60 
[ 8.2 

60 

13^9 

6a 
14. 1 

40 
17. 8 

60 
22. 7 

60 
22. 9 

40 

26. I 

Per cent stem rust, Haynes Blue- 
Stem, . . ....... 

a. 

xf 


[83- 

85+ 

82 

85+^ 

87 

8s- 

88 

Per cent stein rust, lumillo. ....... 

3 

500 


18 

20 

25-1 

15 

iS- 

20— 

Per cent lodging, Haynes Bluestem. 
Bushels per acre, Haynes Bluestem. 


Uo 

16.S 

I40 

|I 4*3 

40 

17. 1 

20 . 
19. t 

0 

19. 3 

1 

20 

25-5 

0 

Per cent stem rust, Haynes Blue- 
stem. 



fSo 

82- 

85 + 

83 

81+ 

18 

80+ 

86+ 

P^ cent stem rust, lumillo ........ 


None, 

I22 

22- 

25- 

25 

15- 

20 

Per cent lodging, Haynes Bluestem. 
Bushels per acre, Haynes Bluestem . 


Uo 

1 7.8 

40 ! 
16. 2 

0 

19. 8 

0 

22. 8 

0 

20. 7 

0 

2 I. 4 | 

0 

20. 5 


It is quite evident from Table III that there is no definite correlation 
between the kind and amount of fertilizers applied and the amount 
of stem rust on the plants. The extreme range in percentage of stem 
rust is from 70 to 88 per cent. It so happens that the lowest percentage 
was in the plat which had received 1,000 pounds of sodium nitrate and 
2,000 pounds of acid phosphate, while the highest percentage was in the 
plat which had received 500 pounds of acid phosphate and 250 pounds 
of potassium chlorid.® The heaviest infection, then, was in one of the 

® The figiures given always indicate the rate per acre at which the {crtiHzers were applied; for conven- 
imce the rate is given rather than the actual amount applied to each sauare-rod plat. 
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plats in which the plants theoretically should have been protected by the 
action of fertilizers. The percentage of infection in the plat which had 
received ' I ,Qoo pounds of sodium nitrate alone was 8o, while in the one 
which had received 250 pounds it was 85. Certainly there seems to be 
no evidence -that very heavy fertilization with nitrogen predisposed 
plants to stem rust, nor that acid phosphate and potassium chlorid 
protected them from it. 

There are very striking differences, however, between the degree of 
infection on Haynes Bluestem and that on lumillo. The average 
percentage of infection on Bluestem was approximately 80, while that 
on lumillo was about 20. It is quite evident that the resistance of 
lumillo was not broken down by excessive fertilization with sodium 
nitrate. In fact, there was more rust on the plants in the plats which 
had received no fertilizer whatever than there was on those in the plats 
which had received 1,000 pounds of sodium nitrate. 

The results are particularly striking, as the soil on which the experi- 
ments were made was well supplied with nitrogen. It will be noted 
from Table III that the addition of nitrogen to the soil not only did not 
result in increased yields but actually caused a decrease, indicating 
quite clearly that the soil was not deficient in nitrogen. Any nitrogen 
which was added, therefore, was excessive. 

While there was no correlation between kind and amount of fertilizers 
applied and the amount of stem rust which developed, there was a definite 
correlation between fertilization and lodging and yield. (See fig. 2.) 
The degree of lodging was much greater in the nitrogen plats than in 
any of 5 ie others and the yields were lower. The lowest yield, 5 bushels 
per acre, was in plat i, which had received 2,000 pounds of acid phosphate 
and 1,000 pounds of sodium nitrate, and in which the degree of rust 
infection was lower than that in any of the other plats. The highest 
yield, 31 bushels per acre, by a rather remarkable coincidence, was in 
the plat in which the rust infection was 88 per cent, or higher than that 
in any of the other plats. It is a rather striking fact that the yield 
was always inversely proportional to the amount of nitrogen applied. 

It is well known that wheat which has been overfertilized with nitrogen 
is likely to yield poorly. Not only does it often lodge badly but it 
frequently drys out, a phenomenon spoken of by farmers as “burning 
out.'' This burning out was quite conspicuous in the plats fertilized 
with nitrogen. It was supposed that there might be more rust on the 
plants which lodged badly in the nitrogen plats than on those which 
remained erect, but apparently such was not the case. 

It is worthy of attention that the amount of rust on the plants is not 
necessarily an index of the damage which may be done. It seems 
quite likely that much of the injury usually attributed to rust on plants 
heavily fertilized with nitrogen probably is due to the direct effect of 
nitrogen rather than rust. For instance, wheat growing in soil which 
had received 1,000 pounds of sodium nitrate per acre had 80 per cent of 
rust infection and yielded only 7.8 bushels per acre, while that which 
had received 500 pounds of acid phosphate and 250 pounds of potassium 
chlorid had 88 per cent of rust but yielded 31^^ b^ It 

will be seen by referring to figure i (p. 347) that 88 per cent of infection 
is extremely heavy. The fact that plants so heavily infected with rust 
can produce well simply indicates that the visible amount of rust on the 
plants is no accurate measure of the damage done. It seems clear that 
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plants which have been fertilized properly can sometimes yield ' well 
even when heavily infected with stem rust. ' ' 

There appeared to be a direct correlation, however, between the kind 
and amount of fertilizer applied and the percentage of' infection by orange" 
leaf rust, Puccinia triiicina (Table IV). ■■ The ■ percentages are not high 
because Haynes Blitestem is moderately resistant and lumillo is very 
resistant, in the field. The range in percentage of infection on .Haynes 
Bluestem was from 10 to 40, the highest being in the nitrogen plats. The 
average percentage of infection in those plats which had received only 
nitrogen was 36; in those which had received nitrogen and phosphorus 
it was 29: in the phosphate plats, 22; in the potash plats, 17; in the 
phosphorus-plus-potassium plats, 21; while in the unfertilized control 
plat, it was 23. There was only a trace of leaf rust on lumillo in all plats 
except the control and those which had received sodium nitrate. The 
highest percentage of infection was 10 in the plat receiving 1,000 
pounds of nitrogen. 

Evidently fertilization with sodium nitrate caused increased develop- 
ment of leaf rust, and phosphorus and potassium had some tendency to 
prevent its development, but it is quite likely that the effect may have 
been indirect. On the natural fertilizer plats there appeared to be no 
correlation between fertilization and development of leaf rust. 

Unfortunately, very little leaf rust developed in any of the years sub- 
sequent to 1915, so additional data were not obtained and definite con- 
clusions could not be drawn. 


TablB IV .^ — The effect of commercial fertilizers on the degree of infection of Puccinia 
triiicina in igig on Haynes Bluestem and lumillo wheats in the plats on University 
Farm, St^ PQulf Minn. 


lufectioji. 

Fertilizer. 

Fertilizer, kind and amount (pounds) per 
' ^cre. , 

Kind, 

Amonnt 
per acre' 

Sodiuni nitrate. 
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1 

None. 

Potassium 

chlorid. 
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I 
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!' 
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250 
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Percentage of leaf rust, Haynes 
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Percentage of leaf rust, Haynes 
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Bluestem 


ISToug 

/ 40 

40 

27 

23 

20 

15 


Percentage of leaf rust, lumillo 



\io+ 

r 

5 

7 

3 

I 

X — 

I — 


,':^XFBRIMnNTS WITH COMM^RCIAU FERTILIZERS PLUS NATURAL FERTILIZERS 

IN 1915 

As previously outlined, the second method used in these experiments 
cbnsisted 'in growing wheat on soil enriched with such natural fertilizers'' 
as barnyard manure, clover, and alfalfa, both alone and in various com.- 
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binations with commercial fertilizers. ■ The commercial fertilizers used 
were sodium nitrate, acid phosphate, and potassium chlorid. The sol! 
was of the^ame type as that on which the experiments witli commercial 
fertilizers alone were made. The plats which previously had grown 
cabbage and clover were contiguous to each other, while those on the 
alfalfa soil were a few rods distant. 

The methods used in laying out the plats and applying the fertilizers 
were similar to those employed in the experiments with commercial 
fertilizers. The plats were i square rod in area and separated from 
each other by 3-foot alleys. 

The commercial fertilizers were applied as indicated under the dis- 
cussion , of general methods. ^ ^ ' 

Three series of plats were used. The soil in one series had grown 
cabbage the previous year, that in another had been in clover for several 
years, and that in the third had been in alfalfa for a like period. The 
ground wms plowed, disked, and harrowed thoroughly before the seed 
was sown. Well-rotted barnyard manure, at the rate of 50 tons per 
acre, was applied to one plat in each series; 50 tons of manure, plus 500 
pounds of sodium nitrate, per acre to one plat; 50 tons of manure, plus 
1,000 pounds of acid phosphate, per acre to one plat; and 50 tons of 
manure, plus 1,000 pounds of potassium chlorid, per acre to one plat. 
The control plats received neither manure nor commercial fertilizers. 

One-half of each plat was sown to Haynes Bluestem wheat, the other 
half to a hybrid (No. 4 X 942. 10) originated in the Minnesota rust nursery. 
This hybrid was a cross between a durum (Kubanka, C. I. 2094) and 
Haynes Bluestem. It was a fixed type and averaged 30 per cent of 
rust in the Minnesota rust nursery in the five years from 1912 to 1917. 

The disposition of the plats and the kind of soil and fertilizers used 
are shown in Table V. This table also gives the percentages of stem- 
rust infection for both varieties of wheat and the total number of days 
between the time Haynes Bluestem was sown and the time it ripened. 

The stem-rust epidemic was assured by spraying with a suspension of 
spores such as had been used in the commercial fertilizer plats. 

On July I the stand in the control plats on the alfalfa and clover soils 
was heavier than that in the control plat on the cabbage soil. The plants 
in all of the manured plats also were quite succulent and dark green in 
color. The commercial fertilizers apparently had influenced the character 
of growth but little up to this time. 
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TabIvK effect of commercial and natural fertilizers on the percentages of stem 

mst and leaf rust, and the total number of days for maturity for Haynes Bluestem and 
the resistant hybrid in igij on University Farm, St. Paul, Minn. 

Infection and growing: period. 

Fertiliz.er, kind and amount per acre. 

_ ... , . . ' ' 

so tons of manure per acre, plus™” 

[ 

None. 

Noth- 

ing. 

Sodium 

nitrate, 

soo 

pounds. 

Acid 

phos- 

phate, 

1,000 

pounds. 

Potas- 

sium 

chlorid, 

I,QOO 

pounds. 

cabbage soil 

Percentage of stem mst, Haynes Bluestem . . . . 

Percentage of stem mst, hybrid 

Percentage of leaf mst, Haynes Bluestem 

Percentage of leaf rust, hybrid. i 

Days for maturity of Haynes Bluestem j 

87 
^ 30 

7 

27 

IIS 

88 

30 

15 

27 

114 

85 

37 

10 

25 

114 

90 

40 

12 

30 

114 

70 

40 

IS 

20 

94 

CLOVER SOIL 

Percentage of stem mst, Haynes Bluestem 

Percentage of stem mst, hybrid 

Percentage of leaf mst, Haynes Bluestem 

Percentage of leaf mst, hybrid. 

Days for maturity of Haynes Bluestem 

8S 

40 

12 

30 

113 

80 

43 

15 

27 

114 

86 

48 

12 

25 

214 

87 

46 

12 

20 

113 

70 

35 

20 

28 

204 

alfalea soil 

Percentage of stem mst, Haynes Bluestem 

Percentage of stem fust, hybrid . . . , — , , . . . . 
Percentage of leaf rust, Haynes Bluestem. . . . . 

Percentage of leaf mst, hybrid. . — ... 

Bays for maturity of Haynes Bluestem — .... 

80 

38 

25 

37 

114 

74 

38 

30 

35 

115 

76 

35 

25 

32 

11$ 

78 

25 

35 

IIS 

70 

■ 25' 

35 

35 

no 


Gn July I a few uredinia of stem rust were found on Haynes Bluestem 
but not on the hybrid. On July 27 Bluestem in all plats quite 
uniformly infected with stem rust, although the percentage of infection 
on the plants in the cabbage soil was slightly higher than that on those 
in the clover soil, and those in the clover soil were slightly more severely 
affected than those on the alfalfa soil. The cause of these differences 
lay in the fact that the plats on the cabbage soil were nearest to heavily 
rusted barberry bushes. Therefore, a comparison between the amount 
of stem rust on plants in cabbage soil and those in alfalfa and clover soils 
can only be general. The degree of rust infection in these different series 
is correlated with the proximity of the plats to the rasted barberry 
bushes. On August 6 stem rust was spreading rapidly to stems and 
leaves on Bluestem in all the plats, but the spread on the hybrid was only 
moderate. Thehybrid lodged severely in all of the manured plats, while 
the Bluestem lodged moderately in a few of them. Both varieties stood 
up perfectly in all of the control plats, except one in which the hybrid 
lodged somewhat. 
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From the data presented in Table V it at first appears that manure 
increased the susceptibility of the plants. But it is probable that this 
apparent increase of susceptibility was due partly at least to later 
maturity of the wheat, giving the rust a longer time to spread. The 
plants in the manured plats on the cabbage soil ripened 20 days after 
those in the control plats; those on the clover soil 10 days after those in 
the control plat; and those on the alfalfa soil 5 days after those in the 
control plat. There appears to be a complete correlation between the 
increase in percentage of stem rust on the Haynes Bluestem plants in 
the manured plats over that on those in the control plats, and the increased 
number of days required for maturity of the plants in the manured 
plats over those in the control plats. On the other hand, the percentage 
of infection in all of the control plats was 70, in spite of the fact that the 
plants in the different plats matured on different dates. The Bluestem 
in the control plat of the cabbage-soil series was mature on August 15, 

/CO 

9o 
&0 
70 
60 
Sb 
4q 
. So 
Zo 
/0 
o 

Fig. showing the percentage of stem rust on Haynes Bluestem and on the hybrid and percentage 

of drying and acre yield in bushels (7.2 busheIs<=»ioo per cent) of Haynes Bluestem grown in plats which 
had received acid phosphate at the rate of 2,000 pounds per acre plus varying amounts in pounds of sodium 
nitrate (N) and potassium sulphate (K) in the commercial fertilizer experiments in 1916 on University 
Farm, St, Paul, Minn. 

stem rust on Haynes Bluestem. 

stem rust on hybrid. 

•- d]^mg of Haynes Bluestem. 

yield of Haynes Bluestem. 

in the control plat of the clover-soil series on August 22, and in the control 
plat of the alfalfa-soil series on August 28. Up to August 28, therefore, 
the dates of maturity seemed to have no effect on the amount of rust. 
After this date, however, rust again spread rather rapidly on those 
plants which remained green, but it is impossible to say just how much 
effect delayed maturity had on the percentage of rust in this series. 

There is no definite correlation between fertilization and the percentage 
of infection of P. triticina, which is in sharp contrast with the results 
obtained on the commercial fertilizer plats. The hybrid appeared more 
susceptible than Hayn^ Bluestem, but the highest percentage of infec- 
tion, 35 for both varieties, was on unfertilized alfalfa soil. 

BXPERIMBNTS with eOMMBRCIAL PBRTIWZERS IN ipifi 

The commercial fertilizer plats in 1916 were tlie same plats actually 
used m 1915. A resistant hybrid wheat was used instead of lumillo, 
however, and potassium sulphate was used instead of potassium chlorid. 
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The size, and position of the- plats and the rate of application of fertilizers 
were exactly the same as in 1915, (See Table VI.) ■ ■ , , 

' The hybrid (No. 5' X 2223), used in place of lumillo, was a cross between 
a durum, 'Kubanka, C. I. No. 2094, '^^id a common hard' red spring 
variety, Preston, C. I. 3328. It was a fixed type, in the Fq generation, 
originated by BVeeman and Johnson. The average, amount of stem 
rust' on the hybrid in the Minnesota rust nursery from 1912 to 1916 was 
30 per cent. It is slightly more susceptible, thei'efore, than lumillo. 

Both varieties were sown on May 13, which is rather late for the dis- 
trict, However, the spring was late. The temperatures were abnor- 
mally low during April, May, and June, while the precipitation was 
abnormally high. During July and August, however, the conditions 
were reversed. These abnormal climatic conditions undoubtedly af- 
fected the development of stem rust, the date of maturity of the plants, 
and the yield, The results obtained, as well as the plan of the experi- 
ment, are shown in Table VI. Figure 3 shows the results in the seven 
plats of the series receiving 2,000 pounds of acid phosphate. 

TABbn VI . — The disposition of the commercial fertilizer plats and the percentages of stem- 
rust infection on Haynes Bluestem wheat arid the hybrid, and the degree of drying and 
yield in bushels per acre of Haynes Bluestem in igi6 on commercial fertilizer plats on 
University Farm, Si. Paul, Minn. 


Infection, drying, and yield. 

Fertilizer. 

Fertilizer, kind and amount (ijounds) 
per acre. 

Kind. 

Amount 

per 

Sodium nitr 5 |te. | 

None. 

Potassium sul- 
phate. 
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Percentage of stem rust, Haynes 
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Stem rust first began to appear on June i6, after whicb it developed 
and spread rapidly and uniformly until checked by the hot, dry weather. 
The growth of the wheat plants also was checked by the drought, the 
plants in the plats treated with nitrogen plus acid phosphate being 
injured most severely.. As there was some drying and premature ripen- 
ing, the rust did not become as abundant as it had in 1915. It will be 
noted that in 1916 the period between sowing and harvesting was only 
85 days, while in 1915 it was 116 days. The range in percentage of 
stem-rust infection on Haynes Bluestem in 1916 was from 65 to 70 per 
cent and on the resistant hybrid it was from 36 to 45 per cent. The 
narrow range may have been due partly to the fact that the plants 
ripened prematurely. It is interesting to note that, as in 1915, the 
highest percentage of stem rust on Haynes Bluestem was not in the 
nitrate plats. In fact, the average percentage of infection was lower in 
those plats which had been fertilized with nitrogen alone than in the con- 
trol plat and in those which had received acid phosphate and potassium 
sulphate. The average percentage of stem rust also was slightly higher 
on the hybrid in the phosphate and potassium than in the nitrogen 
plats. It is perfectly clear, therefore, that excessive fertilization with 
nitrogen failed entirely to predispose either the susceptible Haynes 
Bluestem or the resistant hytjrid to stem rust; nor did phosphorus and 
potassium protect them. Whatever slight effect there may have been 
appeared to be just the opposite of what one would expect. There was 
a very definite lack of correlation between fertilization and the develop- 
ment of stem rust (see Table VI and fig. 3), a fact for which weather 
conditions probably were partly responsible. 

About a week after the plants had headed, the weather became very 
hot and dry. The growth of the plants, especially in the nitrate and 
phosphate plats, was severely checked and many of them began to dry 
up and crinkle. The crinkling was fairly uniform and could not be 
attributed entirely to the effect of fertilizers, although it was consistently 
worse in the nitrate plats than in any others. As would be expected, 
“burning out,” due to heavy fertilization with nitrogen, is aggi'avated 
by hot dry weather. As “burning out” really means premature ripen- 
ing, nitrogen actually may cause a decrease in the amount of rust in 
years when the weather is hot and dry. But in years when the growing 
conditions are favorable it may increase rust infection by prolonging the 
growing period. The degree of shriveling of seed was in direct propor- 
tion to the amount of drpng, and the yield, in general, was inversely 
proportional to the amount of shriveling. For instance, the acre yield 
of Haynes Bluestem was less than i bushel in all of the plats in which 
the degree of drying was 80, while on all of those in which the drying 
was less than 60, the yield was over r bushel per acre. 

The yields in 1916 were deplorably low, of course, as they were gen- 
erally throughout the hard red spring wheat region. For instance, in 
1915, the average acre yield in Minnesota was 17 bushels, in South 
Dakota 17, and in North Dakota 18.2 bushels. In 1916, they were 7 5 
6.3, ^d 5.5 bushds, respectively (j^, p. 5^3). This was attributed prin^ 
mpaily to the terrific stem-rust epidemic, the most destructive since 1904* 
It is interesting, however, to note that the average percentage of stem 
^st (m ail plats in 1915 was considerably higher than it was in 1916. 
But the yields in 1915 were very much hightr than tliew 1916. 

In 1915 the lowest yield in the commercial fertilizer plats was 5 bushels 
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per acre and the highest was 31 bushels. In 1916 tlie lowest yield was 
only 0.3 of a bushel per acre and 'the highest only 7.1 bushels . Either 
the drought alone caused much of the damage in 1916, or the drought 
aggravated the rust damage. As Weaver (40) has shown that the rate 
of transpiration of rusted cereal plants is considerably greater tlian that 
of rust-free plants, it seems probable either that the loss of water or the 
water requirement is an important factor in rust damage. This would 
explain why plants fertilized with nitrogen apparently or actually are 
injured more by rust than are other plants. The susceptibility of the 
plants to rust is not necessarily increased by the nitrogen, but the rust 
is especially, dangeous to such plants, because it increases the water re- 
quirement which already is too high for safety. That the great damage 
to the Haynes Bluestem in the commercial fertilizer plats was caused b^y 
a combination of drought and stem rust, and not by drought alone, is 
suggested by the fact that the resistant hybrid yielded from two to about 
twelve times as much as the Bluestem. (See Table VI.) It is possible, 
however, that the hybrid may be somewhat drought resistant. While it 
is difficult to differentiate clearly between drought injury and rust injury, 
it is quite evident that the degree of rust infection is not necessarily an 
index of the amount of injury it will cause. 

The results obtained in 1915 and 1916 indicate clearly that wheat may 
yield well in spite of heavy stem-rust infection, if weather conditions are 
favorable to the crop. On the contraty?-, a moderate rust attack either 
causes or appears to cause severe damage when weather and soil condi- 
tions are unfavorable to the wheat. It is probable also that the effect 
of fertilizers may be different under different climatic conditions. In a 
hot, dry year, wheat fertilized with nitrogen may “burn out,” thus 
checking the spread of stem rust; while in a cool, moist season, maturity 
may be delayed by nitrogenous fertilizers, thus giving the rust more 
time in which to develop. 

EXPj^RIMENTS WITH COMMERCIAL FERTILIZERS PLUS NATURAL FERTILIZER 

IN 1916 

The general plan of the plats treated with commercial plus natural 
fertilizer is shown in Table VII. The plats were on heavy Hempstead 
clay loam on University Farm, which had grown alfalfa for several years 
previously. Haynes Bluestem and the same hybrid wheat which was 
used in 1915 also were used in this experiment. Each variety occupied 
I full square rod instead of half that area as in 1915. The general com 
ditions of the experiment were the same as those for the commercial 
fertilizer experiments in 1916. 
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TabIvB VII . — The disposition of the plats treated with commercial plus natural fertilizer 
and ike percentages of rust on Haynes Bluestem and the hybrid in the plats on Univer-^ 
sity Farm, St. Paul, Minn., in igi6 


' Infection. 

Fertilizer. 

Fertilizer, kind and amount 
(pounds) per acre. 

Kind. 

Amount 
per acre. 

Sodium 

nitrate. 

300. 

1 

! Potas- 
sium 
sul- 
1 phate 

1 1,000. 

None. 

Dried 

blood 

650. 

Percentage of stem rust, Haynes Blue- 



f S8 1 

: 60 

61 


stem. 


10 tons. . . 





Percentage of stem rust, hybrid 



40 1 

41 

43 

42 

Percentage of stem rust, Haynes Blue- 

d 

u 


■ S8 

; 58 

61 

63 

stem. 

§ 

< 25 tons. . . 


i 



Percentage of stem rust, hybrid 

cl 


. 40 

1 40 

43 

42 

Percentage of stem rust, Haynes Blue- 

<25 


55 




stem. 


Control . . 

1 

1 



Percentage of stem rii.«?t, hybrid . . .... 



. 38 

! 






1 




The plants on the manured plats were uniform and were much more 
vigorous and darker green in color than those on the control plat. One 
week after heading out, the plants were injured by drought. The 
peduncles of the plants broke over or crinkled at the point where 
they emerged from the sheath. This occurred so uniformly on all the 
plats that it could not be attributed entirely to the effect of the fertilizers. 
The same effect was noted on the plats in the experiment with the com- 
mercial fertilizers for this same year. 

The plants lodged badly on all the manured plats, while there was no 
lodging in the control plat. The average percentage of lodging in the 
plats receiving lo tons of manure per acre was 40, while in those re- 
ceiving 25 tons it was 60 per cent. 

The average percentages of stem rust are shown in Table VIIL The 
range on Haynes Bluestem was from 55 to 63 per cent, and on the hybrid 
from 38 to 43 per cent. The differences were so small that one would be 
fully Justified in concluding that the effect of the fertilizers on the sus- 
ceptibility of the host to attacks by stem rust is negligible. 

The 3rields were greatly reduced by the drought and the rust. There 
was a sharp difference in the ability of the two varieties to withstand 
the effects of the drought, a difference due partly at least to slightly 
earlier maturity of the hybrid. The average yield of Haynes Bluestem 
was less than a bushel per acre, while that of the hybrid was between 
'5 and 6 bushels per acre. 
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Table VIII. -—Summarised data on the effect of barnyard manure on the percentage of 
stem rust on, Haynes Bluesieni and on the hybrid in the plats treated with commercial 
plus natural fertilizer in igi6 on University Farm^ St. Paul, Minn. 


Plats. 

Number 
^ of plats 
included. 

Average percentage 
of rust. 

Range of rust 
percentage. 

Blucstem. 

Hybrid. 

Bluestem. | 

Hybrid. 

All 

. 9 

58-5 

40.2 

ss-63 

34-43 

Control 

I 

55 

38 

55 

33 

Receiving 10 tons manure per acre . 

4 

60.5 

41-5 

38-63 

40-43 

Receiving 25 tons manure per acre , 

4 

1 

60 

41.2 

58-63 

40-43 


:^XPERIM^NTS WITH COMMERCIAL FERTILIZERS IN 1917 
General Plan 

Iti 1917, experiments were made on three different farms. The 
general plan was the same for each, but there were some minor variations. 
The series were as follows : 

First series, University Farm. — ^The plats were laid out in exactly 
the same place as in the previous two years. The soil therefore was 
the heavy Hempstead clay loam. 

Second series, Quinn Farm. — The plats were laid out on light 
Hempstead clay loam. They were about iK miles from those in the 
first series. The soil on' the Quinn farm, while of the same general 
type as that on University farm, wa^ much lighter, contained more 
sand and was not so well supplied with nitrogen. 

Third series, Anoka. — ^The plats were laid out on Merrimac loamy 
sand near Anoka. The soil was very light and deficient in nitrogen. 

Results of First Series — University Farm 

The experiments on University Farm were made on the same plats 
used in the previous two years; but acid phosphate and potassium were 
not applied, because it was desired to ascertain whether there would be 
any residual effect of these fertilizers on the plants themselves and on 
their resistance to stem rust. Sodium nitrate was applied as usual, 
as the residual effect is negligible. On April 28 one-half of each plat 
was sown to Marquis, C. I. 3641, which is very susceptible to stem rust 
in Minnesota, and the otlier half was sown to the same hybrid which 
was used in 1916. 

The weather conditions in 1917 were quite different from those in 1916. 
The spring of 1916 was wet and cold, but soon after the plants headed 
it became very hot and dry. In 1917, the growing conditions generally 
were favorable for wheat. This is indicated clearly by the fact that 
there was practically no premature ripening and the yields were good 
in practically all of the plats. Stem rust did very little damage through- 
out the hard red spring wheat region and the yield of wheat was fairly 
satisfactory, except in North Dakota where drought reduced it. The 
average yield in Minnesota was 17.5 bushels per acre, in North Dakota 
8 bushels per acre, and in South Dakota 14 bushels per acre (35) . 

The plan of the experiment and the results obtained, including the 
percentages of stem-rust infection on both varieties in each plat, are 

74025—24 3 
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given in Table IX. At first, it appears that there is a definite correlation 
between the^ amotmt of stem rust and the kind , of fertilizer applied. 
The highest average percentage of rust on Marquis was on the plats 
which had received sodium nitrate at the rate of i,ooo pounds per acre^ 
the next highest on those which had received 500 pounds, and the third 
highest, on those which had received 250 pounds. There appears, 
therefore, to be a direct correlation. ■ The higher percentage of rust in 
these plats was due partly, at least, to ^delayed maturity, as the plants 
matured a week or 10 days later than did those in the other plats. The 
density of stand also no doubt made it possible for the rust to develop 
more abundantly, as the plants lodged badly and moisture was retained 
much longer than on those plants which did not lodge. (See PL i, 2, 
and 3.) 

Table IX. — The disposition of the commercial fertilizers and the percentages of stem rust 
on Marquis and the hybrid, and the percentages of yellow-berry, seed shriveling, lodging ^ 
and the acre yields of Marquis in igiy in the plats on University Farm, St. Paul, Minn, 


Fertilizer, kind and amoimt (pounds) 
per acre. 


Infection, yellow-berry, seed shriveling, 
lodging, and yield. 

Kind. 

Amount 

per 

acre. 

Sodium nitrate. 

None. 

Potassium sul- 
phate residual.® 

1,000 

500 

250 

1,000 

.‘>00 

250 



Pounds. 








Percentage of stem rust, Marquis . . . 



[55 

33 


33 

28 • 

29 

28 

Percentage of stem rust, hybrid 



17 

8 

7 

6 

7 

4 

•2 

Percentage of yellow-berry, Marquis. 



0 

0 

50 

SO 

80 

90 

go 

Percentage of seed shriveling, Mar- 


2 , 000 








quis 



70 

70 

15 

0 

0 

0 

0 

Percentage of lodging, Marquis 



100 

80 

60 

0 

0 

0 

0 

Bushels per acre, Marquis 



.12.8 

14.1 

28.2 

35-3 

24>3 

21.7 

22.0 

Percentage of stem rust, Marquis . . . 



60 

37 

35 

33 

32 

31 

26 

Percentage of stem rust, hybrid. — 

e 


11 

19 

6 

6 

7 

6 

.5 

Percentage of yellow-berry, Marquis. 



0 

0 

10 

75 

70 

80 

80 

Percentage of seed shriveling, Mar- 


1,000 








quis 



70 

60 

3:5 

0 

0 

0 


Percentage of lodging, Marquis ..... 



100 

90 

40 

20 

0 

0 

0 

'Bushels per acre, Marquis 

tu 

► os 


Us.s 

^ 7*5 

31.8 

30.5; 

26,9 

25-9 

23.9 

Percentage of stem rust, Marquis . . . 

■a 



'37 

37 

32 

34 

I31 

27' 

Percentage of stem rust, hybrid. .... 

J 


10 

10 

5 

6 

6 

8 

2 

Percentage of yellow-berry, Marquis. 

Oi 


0 

0 

5 

40 

70 

60 

90 

Percentage of seed shriveling, Mar- 


500 








quis... 

2 


30 


20 

0 

0 

0 

0 

Percentage of lodging, Marquis ..... 



100 

90 

80 

30 

0 

20 1 

0 

Bushels per acre, Marquis. 



118.6 

‘20.7 

26. 1 

32. 4j 

30.8 

' 35-7 

32.6 

Percentage of stem rust, Marquis . . . 



'67 

35 

3S 

28 ■ 

32 ■ 

i ■ 

25 ' 

Percentage of stem rust, hybrid, .. . . 



9 

8 

4 

•S' 

7 

6 

I' 

Percentage of yellow-berry, Marquis. 



0 

0 

5 

40 

60 

75 ' 

70 

Percentage of seed shriveling, Mar- 


None. 








quis .... 



40 




0 

0 

0 

Percentage of lodging, Marquis. . . . . 



80 

80 

60 

0 

0 

0 

0 

Bushels per acre, Marquis. 

/ 


U4.7 

22,. 0 


40,8 

33 - 2 ' 

32*5 

29,6 


« FertilUKars applied, at rate indicated, in ipKi, btit notin 1^x7. 
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It will be noted that the effect of nitrogen in a year like 1917 may be 
.quite different from that in a year like 1916. In 1916 the weather 
became very hot and dry shortly after the plants headed. The plants 
in the nitrate plats suffered more from the drought than did those in 
any of the other plats. The result, of course, was that the development 
of the rust was checked by the premature ripening of the plants. In 
1917, on the other hand, the growing conditions were good, there was 
but little real burning out the stand in the nitrogen plats was very 
heavy, the individual plants were succulent, and maturity was greatly 
delayed, thus making conditions especially favorable for the develop- 
ment of stem rus',. 

The date of maturity often has a great influence on the degree of rust 
infection. It is a very commonly observed and well-known fact that 
early maturing varieties often escape rust, while late maturing ones may 
be injured severely. In certain years the rust epidemic appears just 
after the earlier-maturing variety has ripened, but early enough to attack 
the late variety while it is still susceptible. The plants in the plats heavily 
fertilized with nitrogen in 1917 matured sevei'al days later than those in 
the other plats, and the opportunity for infection was thus increased. 
The rust percentage on a given date was uniform in all of the plats, but 
the weather was still favorable for the development of rust after the earlier- 
maturing plants were harvested and while the later-maturing plants still 
were green. Naturally more rust developed on the latter. This is illus- 
trated in Table XII with data taken from the plats on the Quinn farm. 

The residual effect of the potassium and phosphate fertilizers applied 
to the plats prior to 1917 apparently had little or no effect on the sus- 
ceptibility or resistance of the plants to stem rust. (Table IX.) The 
percentages of rust in the plats which had received only acid phosphate the 
previous year actually were slightly higher than those in the control plat. 
There clearly was no protective action in the potassium plats, nor in those 
which had received both acid phosphate and potassium sulphate. It was 
possible to note the residual effect of the fertilizers applied in 1916 only 
on one character, that of yellow-berry, which was very high in some of 
the plats which had received no nitrogen. The results from the seven 
plats receiving 2,000 pounds of acid phosphate are illustrated graphi- 
cally in figure 4. 

It will be seen from Table X that there was a great increase in the 
amount of straw on the nitrogen plats. In some cases it is almost 
double that on certain potassium plats. Just the reverse is true of tlie 
total weight of seed per plat. The average yield of grain for all plats 
receiving applications of nitrogen was 20.7 bushels per acre, while the 
average yield for all those not receiving nitrogen was 29.9 bushels per 
acre, a difference of 9.2 bushels in favor of the plats not receiving nitro- 
gen, The ratio of weight of seed to weight of straw shows clearly the 
effect of the fertilizers applied to the soil on the gx-owth of the plant. 
Likewise, the yields from the nitrogen plats is inversely proportional to 
the amount of nitrogen applied. 

There appears to be little correlation between rust percoitage and 
yield. This is especially clear when one compares the data for the plats 
which received 500 pounds of sodiunx nitrate with those 
which received 250 pounds (Table IX). The highest yield was obtained 
on the untreated control. The ratio of seed to straw for all plats 
receiving applications of nitrogen is 1:4.6; while the ratio for all plats 
not receiving applications of nitrogen is 1:2.5. The nitrogen clearly 
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was detrimental, but it was because it promoted excessive production 
of straw and low yield of grain rather than because of any effect it may 
have had on the rust. The highest percentage of rust was 67 in the 
plat which had received only sodium nitrate at the rate of 1,000 pounds 
during each of the three years. But this amount of rust does not neces- 
sarily cause a decrease in yield, as is shown by the fact that in 1915 the 
highest yield in the commercial fertilizer plats was 31 bushels per acre 
from|a plat in which the percentage of stem rust was 88 per cent. 



Fig. 4. — Graph shoTving^ the percentages of stem rust, yellow-berry, seed shriveling, and lodging of 
Marquis wheat grown in plats which had received acid phosphate at the rate of 2,000 pounds per acre 
and different amounts, in pounds, of potassium sulphate (K) in 1916 and different amounts of sodium 
nitrate (N) in 1917, in commercial fertilizer experiments in 1917 on University Farm, St. Paul, Minn. 

— — stem rust. 

yellow-berry. 

seed shriveling, 
lodging. 
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The second^ series was laid out on rather light, Hempstead day-loam 
soil and consisted of 32 plats. The general plan was similar to that 
followed on University Farm, except that on the Quinn farm certain 
combinations were made between sodium nitrate and potassium eWorld, 
and other combinations of sodium nitrate, potassium chlorid and acid 
phosphate. The plats were sown to Marquis and the hybrid, as in the 
first series. The disposition of the plats, the rate and kind of fertilizer 
applied to each, the percentage of stem rust on both varieties, and the 
yield for Marquis are given in Table XI. 


TABtF XI . — The disposition of the fertilizers ap plied ^ the percentages of stem rust on 
Marquis and the hybrid, and the yields in bushels per acre of Marquis in xgif in the 
commercial fertilizer plats on the Quinn farm, St. Paul, Minn. 


Infection and yield. 

Fertilizer. Fertilizer, kind and amount (pounds) per acre. 

Kind. 

Sodium nitrate. 

None. 



Sodium 

nitrate. 



1,000 

' 

500 250 

soo 

soo 



Pounds. 






Percentage of stem rast, Marquis 


■80 

28 12 5 

6- 


10 

9 

Percentage of stem rust, hybrid . 


2 , 000 ■ 20 

10 2 I 

2 

I 

I 

I 

Bushels per acre, Marquis 


(.24.2 

43.927.6 14.3 

25.1 

22.3 

20.2 

20.0 

Percentage of stem rust, Marquis 

<L> 

[76 I 

6s 9 8 

8 

8 

12 

II 

Percentage of stem rust, hybrid . 


1 , 000 20 

831 

I 

I 

2 ' 

2 

Bushels per acre, Marquis 

t /1 

i ? 

( 33 -4 

29-633.6 30.2 

30.0 

31-7 

42.9 

38.1 

Percentage of stem rust, Marquis 


flO ! 

987 

7 

7 

10 

II 

Percentage of stem rust, hybrid . 

3 

500 ' 3 

I I I 

I 

I 

5 

3 ^ 

Bushels per acre, Marquis 

< 

142-7 

37.829.0 21.9 

23.6 

23.2 

40.5 

39.6 

Percentage of stem rust, Marquis 



'll 10 10 

10 

10 

27 

18 

Percentage of stem rust, hybrid . 


None. 14 

I I I 

I 

2 

20 

22 

Bushels per acre, Marquis 


133 v 7 

42.737.4 29.0 

30.1 

28.4 

37-6 

16.4 




Soo 

250 j 

soo 

250 


Potassmm dilorid. 


Fertilizer, kind and amottut (pounds) per acre. 

It was pointed out in the discussion of results on University Farm that 
the increased percentage of rust on a few of the plats to which sodiurh 
nitrate had been applied was due to delayed maturity and not to an 
increased degree of susceptibility. This fact is illustrated clearly in 
Table XII. Even with the slight difference in these plats, it is apparent 
that in these experiments the effect of the fertilizers on the susceptibility 
of the wheat to attacks by stem rust is too small to be significant. 

The percentages of stem rust for the various plats in the column headed 
Percentage of rust, August 10,'’ it will be noted, are very uniform. For 
the hybrid they run, i, 2, 2, 5, 2, 4, and i per cent, respectively, for plats 
22, 30, 23, 31, 24, 32, and 28, respectively. This same series ten days 



366 


Journal of Agricultural Research volxxvii no. 6 


later, however, as shown in column headed “ Percentage of rust August 
20/’ is far from uniform. For the hybrid, they run i, 2, 5, 20, 3, 22, and 
I per cent, respectively, for the same plats. When compmed ^with the 
column giving the number of days from planting to maturity, it will^be 
noted that there is a direct correlation between tlie dates of maturity 
and the percentages of stem rust. ■ It will be noted further that it was 
only on the plats fertilized with sodium nitrate that there was sufficient 
delay in maturity to result in a higher percentage of stem rust. 


TablB XII . — The effect of fertilizers on the date of maturity and on the percentages of 
stem rust on Marquis and the hybrid in igxy on the commercial fertilizer plats on the 
Quinn farm, St. Paul, Minn. 






1 Percentage of stem rust. 

1 ■ 

Fiat 

No, 

Kind and amount of fertilizer « 
in pounds per acre. 

JNumoer oi aaysirom 
planting to maturity. 

‘ Aug. 10 (too days 
after sowing). 

Aug. 20 (no days 
after sowing). 



.^larquis. 

Hybrid. 

Marquis. 

Hybrid. 

Marquis, 

Hybrid. 





i 




22 

\p 500 

V 100 

lOI 

1 , 7 

I 

7 

I 

30 

El 250 

102 

] 

103 

1 

10 

2 

10 

2 

fK 500 



23 

N 500 

\ 104 

105 

9 

2 

loA 

1 

5 +- 

P 500 




jEl 500 







32: 

\N 500 

XIO 

14 

5 

27 

20 


X 250. 







24 

N 500 

y 104 

105 

0 

2 . 

II i 

sff- 

P 500 

y 



fK 250 

} 108 

} 



1 

18 

22 -P 

33 

In tjoo. 

III 

12 

4 I 

28 

O^ntrol - 

102 

1 

104 

10 

1 

I 

1 

10 

I 





a N==soclium nitrate; Kl=potassitim chlorid; P=acid phosphate. 


The percentages of stem rust are high in four of the plats in the upper 
left-hand corner of Table XI. Unfortunately, these plats were in the 
shadow of a, barn during part of the day, so the plants remained wet 
longer after dews and rains than did those in any of the other plats. 
It was clearly evident that this shading and late maturity were chiefly 
responsible for the increased percentage of rust in this part of the field. 

The fertilizers affected the general growth of these plants more than 
those on University Farm. The average height of the plants in all plats 
which received applications of sodium nitrate was 40.3 inches, while the 
average height of the plants in all other plats was 36-25 inches. These 
data, with others on weight of seed and of straw, and the ratio of seed 
to straw, are given in. Table' XIIL 
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TabItE XIII ,"— ejffect of fertilizers on the height of plants in inches; on the yield, in 
kilograms, of seed and straw; and on ike ratio of seed to straw, of Marquis in igiy in 
the commercial fertilizer plats on the Quinn farm, St. Paul, Minn. 


straw height, seed and straw 
weight, and ratio of seed to 
straw. 

Fertilizer. 

Fertilizer, kind and amount (poimds) per acre. 

Kind. 

Amount 
per acre. 

Sodium nitrate. 

None. 



Sodium 

nitrate. 

r.ooo 

Soo 

350 

soo 

soo 



Pounds. 









Height of straw ........ 



r 40 

44 

44 

35 

36 

32 

42 

40 

Weight of seed 



1 2. 2 

3. 9 

2. 5 

I. 3 

2. 2 

2. 0 

3. 6 

3 * 6 

Weight of straw 


2^ 000 

1 12. 8 

7 

II. 0 

6. < 

6. cl 

C. e 


TT. C 

Ratio, seed to straw 



li:S -8 

1:3. 5 

1:4.4 

^•5 

^: 3 , 

1:2. 7 

A i. / 

i** 3*3 

AX. 5 

1:3. 2 

Height of straw 



f 39 

39 

45 

39 

39 

38 

42 

41 

Weight of seed 

n 


J 3 - 0 

2. 6 

3. 0 

2. 7 

2. 7 

2. 8 

3 * 9 

V 4 

Weight of straw 


000 

] 9 * 9 

13*8 

12.4 

8. I 

8.4 

8.4 

12. 8 

12.4 

Ratio, seed to straw 

0 , 



1:5*3 

1:4. I 

1*3 

1:3* I 

1:3 

1:3*3 

1:3.6 

Height of straw 



f 40 

40 

1 36 

35 

35 

33 

36 

38 

Weight of seed 



3 * 8 ! 

3 * 4 

2. 6 

I, 9 

2, 1 

2. 1 

1 3.6 

3. 5 

Weight of straw 

’o 

< 

500 

1 12. I 

10. 3 

8.4 

5. 6 

6. 2 

5 * 9 

II. I 

II. 2 

Ratio, seed to straw 



U'. 3-2 

1:3 

1:3.2 

1:2. 9 

:c :3 

1:2.8 

1:3* X 

1:3. 2 

Height of straw 



f 38! 

39 

40 

: 38 

38 

37 

37 

' 37 

Weight of seed 


None. 

J 3-0 

3.8 

3 - 3 

2. 6 

2. 7 

1 2. 5 

3*4 

i 1.5 

Weight of straw 



1 10.8 

II. 5 

10. 5 

7 * 3 

7 * 4 

7. 1 

XX. I 

II. 2 

Ratio, seed to straw 



11:3.6 

1:3 

1:3.2 

1 

1:2. 8 

1:2. J 

1:2.8 

1:3.2 

1:7*5 








soo 

250 

500 

250 








Potassium chlorid. 




Fertilizer, 

1 

kind and amount (pounds) per acre. 


The plaGts in the plats fertilized with sodium nitrate tillered better, 
were more vigorous, and yielded better than those on the plats which 
had received no nitrogen. The average yield from the nitrate plats 
was 35.8 bushels per acre, while that from those receiving no nitrogen 
was 25.8 bushels, a difference of ten bushels in favor of the plats fertilized 
with nitrogen. The ratios of seed to straw were quite uniform. The 
effect of sodium nitrate on yield was quite different from that in the plats 
on University Farm. Here there was a difference of 9.2 bushels in favor 
of the plats not receiving nitrogen, while on the Quinn farm there was a 
difference of 10 bushels in favor of the plats receiving nitrogen. Evidently 
the soil on the Quinn farm was deficient in available nitrogen, while that 
on University Farm was not. 

The data in Table XIV show also the correlation between the fertilizers 
applied and the percentages of yellow-berry'' and protein in the seed. 
The average percentages of yellow-berry and protein content of the seed 
for all plats which received applications of sodium nitrate are 14.5 per 
cent and 14.7 per cent, respectively, compared with 67 per cent and 12.8 
per cent, respectively, as the averages for all plats which received no 
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applications of sodium nitrate.^ Heavy applications of nitrogen caused 
some lodging and shriveling of the seed. 

Table XIV —The effect of fertilizers on, the percentages of yellow-berry, protein in seed, 
seed shriveling, and lodging of Marquis in igi? in the commercial fertilizer plats on the 

Quinn farm, St. Paul, Mimi. 


Yellow-berry, protein in seed, seed 
shriveling, and lodging. 


Percentage of yellow^berry . . 
Percentage of protein in seed ® 
Percentage of seed^shriveling. 
Percentage of lodging 


Percentage of yellow-berry. 
Percentage of protein in seed o 
Percentage of seed shriveling . 
Percentage of lodging. 


Percentage of yellow -berry. 
Percentage of protein in seed ^ 
Percentage of seed shriveling. 
Percentage of lodging 


Percentage of yellow-berry. .. 
Percentage of protein in seed 
Percentage of seed shriveling. 
Percentage of lodging. 


Kind. 


fertilizer. 


Anxoimt 
per acre. 


Ct! 

& 

Oi 

IS 


Fertilizer, kind and amount (pounds) per acre. 


Pounds- 


500 


None. 


Sodium nitrate. 

Noxic. 



Sodium 

nitrate. 

1,000 

500 

250 

500 

Soo 

f ° 

20 

80 

70 

8s 

85 

25 

10 

ji6.6 

iS-i 

13.8 

12.9 

^ 3-3 

13.6 

14.3 

14.4 

130 

0 

0 

0 

0 

0 

0 

20 

[80 

30 

0 

0 

0 

0 

20 

20 

f 1 

5 

45 

80 

8s 

70 

5 

I 

ji6.4 

iS '9 

14.5 

12.6 

11,7 

12.7 

14.9 

15-5 

130 

20 

0 

20 

0 

0 

20 

20 

[40 

70 

20 

0 

0 

0 

30 

40 

0 

10 

SO 

50 

70 

60 

^5 

8 

, 16.3 

14. s 

13.4 


12.4^ 

12.6 

13.6 

14.5 

^ 0 

0 

0 

0 

0 

0 

20 

20 

I30 

0 

0 

0 

0 

0 

20 

20 

0 

2 

5 

SO 

50 

50 

2 

5 

Ji 5*9 

14.8 

14.0 

13. 1 

12.4 

13. 1 

13-9 

14.0 

•130 

20 

0 

0 

0 

0 

20 

0 

150 

0 

0 

0 

0 

0 

30 

20 





500 

250 

500 

250 

! 




Potassium chlorid. 


Fertilizer, kind and amount (iiounds) ikt a.cre. 


^ On dry basis. 

From the data obtained, it is very evident that the normal physiology 
of the plants was changed considerably on the different plats. This is 
shown both by observations on the morphology of the |ffants and by 
chemical analysis, but these changes apparently affected stem rust only 
indirectly by affecting density of stand and time of ripening. 

RESULTS FROM THIRD SERIFS'— ANOKA 

The third series was laid out on a light, loamy sand near Anoka, Minn. 
The plan of the plats was similar to that of the second series, both in 
disposition of the plats and in the application of fertilizers. The full square 
rod was sown to the one variety, Marquis, instead of two varieties as in 
the preceding experiments. The disposition of the plats, the rate and 

These analyses were made by Dr. C. H. Bailey, in charge of the section of cereal technology of the 
division of agricultural biochemistry of the University of Minnesota. 
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kind of fertilizer applied to each, the percentages of stem rust, yellow*- 
berry and seed shriveling, and the yield in bushels per acre are given in 
Table XV. 

TabIvIS XV . — The disposition of the commercial fertilizer plats and the effect of ike 
fertilizers on the percentages of stem rust j yellow-berry and seed shriveling ^ and on yield 
in bushels per acre for Marquis wheats at Anoka, Minn,, in igiy 


Fertilizer. 


Fertilizer, kind and amount (pounds) per acre. 


Infection, yellow-berry, seed shriveling 
and yield. 


Percentage of stem rust 

Percentage of yellow-berry 

Percentage of seed sbriveling. . . 
Bushels per acre 

Percentage of stem rust 

Percentage of yellow-berry 

Percentage of seed shriveling. . . 
Bushels per acre ; . . . 

Percentage of stem rust 

Percentage of yellow-berr}^ 

Percentage of seed shriveling. . . 
Bushels per acre. 

Percentage of stem rust 

Percentage of yellow-berry 

Percentage of seed shriveling. . . 
Bushels per acre 


Kind. 

Amount 
per acre. 

Sodium nitrate. 

None. 



Sodium 

nitrate. 

1,000 

Soo 

250 

500 

soo 


Pounds, 











fi 5 

II 

10 

II 

8 

9 

14 

13 



J45 

SO 

70 

65 

95 

60 

25 

75 


2,000 

130 

20 

25 

15 

0 

0 

40 

IS 



[24.1 

33*3 

23.2 

19.5 

22.2 

23.0 

29*3 

25.1 




II 

12 

8 

15 

12 

15 

18 

A 


I30 

60 

90 

90 

35 

60 

40 

40 

a 

A 

1,000 

Us 

IS 

15 

0 

0 

20 

20 

15 

& 


Ui -7 

20. 1 

24.4 

14.9 

15.2 

14.0 

32.0 

31.4 

k 0 










f »E} 










eu 


17 

13 

10 

15 

12 

12 

14 

15 

'd 


15 

75 

98 

95 

*90 

60 

75 

75 

*1 

500 

40 

20 

0 

® 1 

0 

0 

15 

20 



.23.8 

28.3 

27*3 

14.51 

15-1 

14.8 

34.8 

28.0 



fi 6 

17 

16 

11 


9 

15 

16 


None. 


70 

go 

95 

95 

75 

I55 

75 


1 0 

30 

0 

i 

0 

0 

0 




U 3-4 

22.4 

23.1 

13.61 

12.2 

18.3 

27-5 

33 -S 







500 ’ 

250 

500 

250 







Potassium chlorid. 





Fertilizer, kind and amount (pounds) per acre. 


The percentages of stem rust in these plats at Anoka varied but little 
(Table XV). The percentages of yellow-berry and seed shriveling were 
affected by fertilizers about as they were in the preceding experiments. 
The yields were increased by nitrogen much as they were on the Quinn 
farm. The average yield for all plats receiving applications of sodium 
nitrate was 27.4 bushels per acre, and for ail plats receiving none, it was 
16.4 bushels, a difference of ii bushels in favor of the plats receiving 
nitrogen. The data obtained from this experiment tend to show that 
stem , rust was affected but little, even though the morphology and 
ph3>'siology of the wheat plants were affected considerably by fertilizers. 

GENKRAU OBSERVATIONS, 19 1 8 TO 1 92 2 

After 1917, observations were made on permanent tenth-acre tripli- 
cated plats of the division of soils of the University of Minnesota, at the 
Crookston substation, and observations were made one year on similar 
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plats at the Morris substation. The description of tlie soil at Crookston 
is given in the discussion of methods. Each plat was sown to Marquis 
wheat and no attempt was made to produce artificial epidemics of stem 
rust. Notes on stem rust were taken just before the plants ripened. 

The results for 1918 and 1920 are given in Table XVI. Detailed figures 
are not available for 1919 and 1921. However, there was little observable 
effect of fertilizers on the development of stem rust. At Morris, in 1921, 
the wheat in the phosphate plats grew more vigorously and produced a 
denser stand than that on the other plats. But this seemed to have but 
little effect on the amount of stem rust, due partly to early maturity. The 
stand on manured plats was heavy, but the plants ripened so late that 
there was a slight increase of stem rust. 

The differences between rust percentages in various plats in 1918 are 
not great (Table XVI). When the averages for the diree replications 
are made, the differences are not significant. There is a complete lack 
of correlation between the percentage of stem rust on the plants and the 
fertilizers applied to the soil. 

Tabi^H XVI .- — The percentages of stem rust on Marquis in igi 8 and xg20 in fertilizer 

plats at Crookston, Minn. 


Plat 

No. 

fertilizer per acre. 

Percentage of stem 
rust. 

1918. 

1920. 

I 

Control 

40 

CO 

2 

I ton rock phosphate 

30 

50 


tons rnfflniire 



3 

t.1 ton rock phospliate. . 

35 

50 

4 

8 tons mantire 


40 

JR tons manure. 

5 

^480 pounds acid phosphate 

1 35 

50 

6 

480 pounds acid phosphate 

35 

so 

7 

Control 


70 

8 

I ton rock phosphate ... 

50 

60 


/ 8 tons manure 

] 


9 

ton rock phosphate 

} so 

IS 

10 

8 tons manure 

45 

25 


/8 tons manure 

II 

1480 pounds acid phosphate 

1 40 

50 

T2 

480 pounds acid phosphate. 

45 

30 


Control 

'IQ 

CO 

0 

14 

I ton rock phosphate , 

45 

3® 


fS tons manure 



IS' 

ton rock phosphate 

1 40 

20 

■16 

8 tons manure . 

AC 

45 

AO 


fS tons manure. 



'■17 

4480 pounds acid phosphate 

f 50 

■50 


480 pounds acid phosphate. 

i 40 

1 ■ 

25 


In 192 1 , there was a wide variation in percentage of stem rust in certain 
individual plats, but in the three replicatibiis these differences were not 
consistent, a fact attributed to the very spotted and nonuniform occur- 
rence of the rust, so characteristic of the epidemic throughout the State. 
Early in July drought checked the spread of rust, and a uniform epidemic 
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prior to the maturity of the plants could not be expected. The average 
percentages of stem rust for the three replications are fairly uniform and 
show no consistent correlations with the fertilizers, A few more plat 
replications undoubtedly would have made the results just as conclusive 
as those for 1918. 

In 1922, observations were made on a field of winter wheat at the 
Crookston substation in which several strips across the field had been 
fertilized with acid phosphate. No difference in growth or maturity 
of the plants could be observed and there was a perfectly uniform stem 
rust infection of 10 per cent on all the plats. Observations were made 
also on plats of Mindum, C. I. No. 5296, a durum wheat, in a four-year 
rotation series with different rates of manuring. The results are given 
in Table XVII. The amount of lodging was directly proportional to the 
amount of manure applied, but the degree of stem rust infection was 
uniform in all of the plats, at least as late as about two weeks before 
harvest. 


Table XVII . — The effect of barnyard manure on degree of lodging and percentages of 
stem rust on Mindum in igze in the fertilizer plats at Crookston, Minn. 


1 

Amount of manure. j 

j 

Percentage 
of plants 
lodged. 

Percentage 
of stem 
rust. 

None 

0 

10 

4 tons 

Trace. 

10 

8 tons 

5 

■ 25 1 

35 1 
■60 

10 

16 tons 

10 

16 tons (in 2 applications) 

10 

32 tons 

10 



SIGNIFICANCE OF RESUETS 

The average percentage of rust in all plats receiving nitrogen compared 
with the average percentage in those receiving none gives a fair indica- 
tion of the resultant differences from the two treatments. The averages, 
however, may or may not be a true expression of the differences between 
the two series of plats. If the individual percentages entering into the 
average are relatively small, it becomes a fairly accurate expression, 
but, as these increase, the average becomes less and less a reliable expres- 
sion of the true condition. In considering such a variable as the effect of 
fertilizers, comparison of two series in an experiment comprising a small 
number of plats is most availably presented by the metliod given by 
Student in Biometrika (54). By this method the resulting differences 
between the treatments are expressed in odds. 

In the following discussion of results, the odds have been calculated 
mainly for the rust percentages and yield, these being the two chief 
characters under consideration in this paper. The odds are calculated 
from the results on two adjacent series of plats. The series of four plats 
receiving 250 pounds of sodium nitrate were adjacent to a series of four 
receiving none. These two series of homologous plats are used in all of 
the experiments with commercial fertilizers. They are shown in Table I 
as plats 3, 10, 17, and 24 for the nitrogen series; and plats 4, ii, 18, and 25 
for the adjacent non-nitrogen series. In the case of manured plats in the 
years 1918 and 1920 (Table XVII) the odds are calculated by comparing 
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the results from the manured plats with those from the plats which re- 
ceived no manure. \ ^ ■ 

From a general inspection of the data obtained in 1915 (Table III), 
one can readily determine that the difference in rust percentages on the 
two series of plats are not great enough to be considered significant. 
This fact is further demonstrated by the calculated odds of only 4.1 :i 
for Haynes Bluestem in favor of the nitrogen plats. Mathematicians 
have shown that in order to be significantly different the odds in favor 
of one treatment over another ought to be 30:1, which is approximately 
3.2 times the probable error. With lumillo, the odds for rust percentages 
are 7.4:1 in favor of the plats not receiving nitrogen. The differences 
obtained on these plats in this experiment, therefore, are not significant, 
and the only possible conclusion that can be drawn is that the differ- 
ences in rust percentage caused by the two treatments are negligible. 
In the case of yield of grain of Haynes Bluestem, the odds are 42.5 :1 in 
favor of the series not receiving nitrogen, indicating a significant differ- 
ence for this character. The average acre yield for all plats receiving 
nitrogen is 12.6 bushels, and for all others it is 23 bushels. 

In 1916 (Table VI) the calculated odds for stem rust on Haynes 
Bluestem are 9.2 : i in favor of the series not receiving applications of 
nitrogen, and therefore are not significant. With the hybrid, the odds 
55-5 ■ I iu favor of the plats not receiving applications of nitrogen. 
These odds indicate a significant difference. The average rust per- 
centage on the hybrid, however, for all plats receiving nitrogen and for 
those not receiving nitrogen are 47.9 and 43.3 per cent, respectively. 
The calculation of the odds for these two series appears to give a sig- 
nificant difference, but when considered with the average rust percentages 
for the experiment as a whole, the results are not so convincing. In 
the case of yield of grain of Haynes Bluestem, the odds are 28.9 : i in 
favor of the series not receiving nitrogen, indicating a fairly significant 
difference for this character. The average acre yield for all plats re- 
ceiving nitrogen is 0.77 of a bushel and for all others it is 2.9 bushels. 

. In the experiment at University Farm in 1917 (Table IX) tlie cal- 
culated odds for rust on Marquis are 7.5 : i in favor of the series receiving 
applications of nitrogen. For the hybrid, the odds ai-e only 2 : i in 
favor of the series not receiving applications of nitrogen. It is evident 
that the differences in rust percentages on either variety in the two 
series are not large enough to be significant. In the case of yield of 
grain of Marquis, the odds are only 11.6 : i in favor of the series not 
receiving nitrogen, and therefore are not significant. The average acre 
yields for all nitrogen plats is 20.7 bushels and for all others it is 29.9 
■bushels. 

On the plats at the Quinn farm in 1917 (Table XI), the calculated 
odds for rust on Marquis are 6.8 : i in favor of the series receiving 
nitrogen. For the hybrid, the odds are 8.2 : i in favor of the series 
receiving nitrogen. These odds are too small to be considered significant 
for either variety. In the case of yield of grain of Marquis the odds 
are 67 : i in favor of the series receiving nitrogen, a very significant 
difference. The average acre yield for all nitrogen plats is 33.5 bushels 
and for all other plats is 25.8 bushels. This experiment was made on a 
rather light soil and the yields were increased by applications of nitrogen, 
contrasting strongly with the results of the preceding experiments which 
were on a rather heavy soil on which nitrogen decreased yields. 
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The calculated odds for height of plants of Marquis are 20.7 : i in 
favor of the series receiving nitrogen. (Table XIII.) These odds are 
hardly great enough to be considered significant. The differences between 
the individual plats, however, are quite consistent, and the average 
height of plants on the plats receiving nitrogen is 39.8 inches and for 
all others it is 36.2 inches. 

The calculated odds for percentage of crude protein (Table XIV) in 
the seed of Marquis is 21.5 : i in favor of the series receiving nitrogen. 
These are only fairly significant; but here, too, as for height of plants, 
the differences between the individual plats are small but quite con- 
sistent. The average percentage of crude protein for all plats receiving 
nitrogen is 15.8 compared with 12.9 per cent for all other plats. 

On the plats at die Anoka farm in 1917 (Table XV) the calculated 
odds for rust on Marquis are only 1.6 : i in favor bf the series receiving 
nitrogen. For yield of grain, however, the odds are 45.3 : i in favor 
of the series receiving nitrogen. This experiment was made on a light, 
sandy soil, and tlie application of sodium nitrate was very beneficial. 
The average yield per acre for all plats receiving nitrogen is 27.4 bushels 
and that of all other plats is 16.4 bushels. 

Unfortunately, the experiments in 1915 and 19x6 with barnyard 
manure were not laid out so that it would be feasible to arrange the 
plats in series and calculate odds for significance of difference in results. 

In 1915 the average percentages of rust for Bluestem and the hybrid 
on the manured plats was 83 and 38.4 per cent, respectively, compared 
to 70 and 33 per cent, respectively, for the controls. These rust percent- 
ages, which were taken at the time of maturity of the last plat to ripen, 
appear to indicate significant differences. There is a direct relation 
to the time of maturity, however, as is illustrated in Tables IX and 
XVII where, on a given day, say the date of maturity of the first control, 
there are no differences in the rust percentages in the various plats, but 
where some of the plats remain green and exposed to infection for a 
longer period of time, their total percentage of rust infection is bound to 
increase. In 1915 the average number of days from seeding to maturity 
was 114.6 compared to the controls with an average of 102.7. 

p GENERAL CONCLUSIONS 

In discussing the effect of fertilizers on the susceptibility of wheats 
to Puccinia graminis, it is necessary to consider what is meant by this 
susceptibility. Plants may be physiologically resistant, or morphologi- 
cally resistant, or they may merely be disease-escaping. That tliere is a 
true physiologic or protoplasmic basis for resistance to P. gmmmw, 
probably none will deny. It is well known that this is a genetic character * 
comparable with other hereditary characters. The results of field 
experiments and observations suggest also that plants sometimes may be 
resistant on account of morphologic characters. Certainly, plants 
with a large amount of woody tissue are not likely to be so severely J 
rusted as are those with a larger proportion of succulent tissue because j 
the rust fungus requires the latter for growth. But this morphologic ^ 
resistance is quite different from true protoplasmic resistance; it is only a \ 
mechanical limitation on the spread of the rust mycelium. Under normal ; 
conditions, in some varieties, it undoubtedly is due to inherited genetic 
factors, while in other varieties it may be due to environmental condi- 
tions. It also is well known that early maturing varieties may ripen 
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early enougli to escape infection to some, extent. The differences be- 
tween these kinds of resistance, on the one hand, and those phenomena 
on the other hand which clearly can not be defined as resistance, should 
be kept distinctly in mind, as they probably have been confused fre- 
quently in field studies similar to those reported in this paper. This 
confusion, together with the fact that opportunities for infection often 
are affected considerably by density of stand and other factors, has given 
rise to the view that resistance to rust can be modified easily by changing 
environmental conditions. 

Resistance of wheat varieties to Puccinia graminis may not be rigidly 
immutable. One would not expect it to be. As plant characters are the 
resultant of the interaction of genetic and environmental factors, fluctua- 
tions are bound to occur. Otherwise every plant of the same pure line 
should always be exactly like all the other plants of that pure line. But 
such is not the case. Neither are all of the individuals of a pure-line 
wheat variety affected equally severely by stem rust, even when they are 
growing under apparently identical environmental conditions. Yet, two 
plants seldom if ever grow under identical conditions. It is necessary, 
therefore, to distinguish as clearly as possible between the effects of 
genetic factors and those of environmental factors. The results pre- 
%sented in this paper lend practically no support to the opinion that the 
Igenetic resistance of wheat varieties is changed by fertilizers. The 
[type of infection remained the same on susceptible varieties like Glyn- 
don Fife, Haynes Bluestem, and Marquis and on resistant varieties like 
lumillo and the resistant hybrids, regardless of fertilization. More and 
larger uredinia sometimes developed on wheat in some fertilizer plats 
than on that in others. This seemed to be due, however, to increased 
4 opportunity for infection or to structural changes in the plants which 
made it possible for the rust mycelium to spread more extensively. 

Morphologic resistance may be changed somewhat by fertilizers. It is 
clear from the data obtained that the height of the plants and stiffness 
of straw are affected greatly by different fertilizers. The stiffness of 
straw, of course, is an index of the amount of supportive tissue in the 
plant. P. graminis and other cereal-rust fungi grow almost entirely in 
chlorenchymatous tissues. If the fertilization's such as to increase the 
amount of mechanical tissue, the rust mycelium can not thrive as well 
as it can in plants containing large amounts of chlorenchyma. But the 
writers found little evidence that, under field conditions, anything ap- 
proaching normal fertilization changed the morphologic resistance to 
stem rust greatly. There was much more convincing evidence that fer- 
tilizers affected the final degree of rustiness of plants by hastening or 
delaying ripening and by affecting the stand. 

The &gree of infection by orange leaf rust seemed to be increased by 
heavy applications of nitrogen in some |)lats, but the rust was not abun- 
dant enough in most of them to make it possible to draw final conclu- 
sions. 

Any fertilizers which prolong the growing period and thus delay ma- 
turity are likely to increase indirectly the amount of rust. Bate matur- 
ing plants are exposed to inoculation longer than are those which mature 
early. A few days’ difference between the dates of ripening of two fields 
of wheat may have a marked influence on the amount of rust which 

^ ■Xkfe statemeat applies to susceptibility to the biologic forms used and to the general reaction o 
the’««detic$ m ihic rimversity Farm. St Patil, 
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may develop. In the hard red spring wheat region the stem rust epi- 
demic is likely to come just before harvest. Early ripening fields often 
escape great damage, whereas those which mature a week later may be 
damaged severely. Under fairly normal growth conditions^ for wheat, 
barnyard manure and other nitrogenous fertilizers may delay ripening 
for a few days or even for two weeks or more, depending on the soil type 
and amount of fertilizer used. It has been shown that the percentage of 
stem rust often could be correlated directly with the time required for 
maturity. The conclusion is that there is more rust on the late-ripening 
wheat than on that which ripens earlier. For practical purposes, there- 
f<ft, nitrogen has been conducive to rust, but it has not increased sus- 
ceptibility in the strict sense; it has only prolonged the growth period 
so as to expose the plants longer to the rust danger. But the effect may 
be just the opposite. In 1916, for instance, when the weather was very 
hot and dry after the wheat headed, the plants in the nitrogen plats 
actually ripened earlier than those in the other plats. It is true that it 
was not normal ripening, the plants being practically ‘'burned up,” but 
the natural result was that the rust was checked also. 

Fertilizers also may make it possible for the rust fungus to infect! 
plants more easily. When nitrogenous fertilizers increase the density of | 
stand, succulence of the plants and consequent lodging, moisture is re- ; 
tained longer in the field than in those in which the stand is not so dense | 
and the plants remain upright. The minimum incubation period for the 
uredinial stage usually is about six hours. There is an increase in the 
number of germ tubes which enter the plants as the incubation period is ■ 
increased. Assuming that two fields have been inoculated equally heav- 
' ily, other things being equal, the heavier infection will occur in the field 
in which moisture is retained longer. 

It is perfectly clear from the data obtained that the percentage of 
stem rust on wheat plants does not necessarily indicate the amount of 
damage which will be done. When wheat is grown in properly fertilized 
soil it often yields well in spite of heavy attacks of rust, while that grow- 
ing in soil with unbalanced fertilization may yield poorly regardless of 
the degree of severity of rust. It seems very likely, therefore, that much 
of the damage often attributed to rust when wheat is growing in soil 
containing an overabundance of nitrogen, actually is due to the direct 
effect of the fertilizer on the plants. It is quite likely also that a given 
amount of rust may injure plants too heavily fertilized with nitrogen 
more than it does plants growing in soil containing well balanced soil 
nutrients. This may be due partly to increased water requirement, 
still further increased by rust infection, and partly to weak straw which 
may be weakened still more by rust The rational tiling to do is to supply 
the soil with the nutrients which the plants need. Nitrogen decreased 
yields consistently on University Farm soils, but on the lighter soils dfi 
the Quinn farm and at Anoka it increased them. 

The final conclusion seems to be justified that wheat can not be predis-; 
posed easily to Puccinia graminis, iS we mean by predisposition the action 
of environmental factors in rendering a variety more susceptible than: 
it normally would be. Nitrogen apparently may predispose plants by* 
increasing succulence, density of stand and lodging, by delaying maturity 
and by decreasing yields on account of these factors, and sometimes by; 
premature ripening in hot, dry weather. But the actual predisposing 
action apparently is of relatively minor importance. Since the rust 
fungi are highly specialized obligate parasites, a mere weakening of the 
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liost not only does not usually increase susceptibility, ^ but may decrease 
it. The relationship between host and parasite is so intimate that it is 
difficult to generalize about it. As a rule, however, plants which grow 
normally are likely to yield best, regardless of rust. And the yield must 
be the real test of the value of fertilizers. 

For practical purposes much can- be done to increase yields when stem 
rust is prevalent. The old principle of avoiding excessive applications 
of nitrogenous fertilizers is sound. But some soils need thein and on such 
soils wheat will yield better when they are supplied. Acid phosphate 
and potassium often are valuable in increasing stiffness of straw md 
promoting early maturity. It is useless to add them, however, to ^Is 
which, do not need them, or in which they do not become available. 
The opinion that they have an actual immunizing effect against stem 
rust does not seem to be justified, although the indirect effect may be 
very great. The problem of fertilization, in order to reduce losses from 
rust, varies with soil type and climate. The writers are forced to the 
conclusion that, while the direct effect of fertilizers on the susceptibility 
of wheat to stem rust under field conditions is slight, the indirect effect 
on rust and the direct effect on yield may be very great. Give the soil 
those fertilizers which the wheat needs, but avoid too much nitrogen, 
add potash and phosphates judiciously, and the best results , are likely 
to be obtained. 

SUMMARY 

Experiments and observations, covering a period of eight years, have 
been made to determine the effect of artificial and natural fertilizers on 
the amount of stem rust developed on susceptible and resistant varieties 
of wheat, when grown on several soil types in different parts of Mintiesota. 
The plants were grown under heavy artificially induced epidemics, and 
under natural field epidemics. 

The effect of barnyard manure, clover soil, alfalfa soil, and cabbage 
soil, with and without fertilizers, was tried in the field. In addition, va- 
rious amounts of sodium nitrate, acid phosphate, and potassium chlorid 
or potassium sulphate, alone and in combinations with each other, were 
added to soils to determine the effect on infection of wheat by rust. 

The degree of physiologic susceptibility of susceptible and resistant 
varieties apparently was not changed directly by the use of different 
fertilizers, although morphologic resistance may be changed slightly. 

Plants growing in plats heavily fertilized with nitrogenous manures 
sometimes were more heavily attacked by stem rust than those in other 
plats. This apparently was an indirect effect due to increased density of 
Stand and delayed maturity, which made conditions for infection more 
favorable and lengthened tlie time during which the plants could become 
infected. In hot, dry weather, plants heavily fertilized with nitrogen 
may bum out, thus indirectly causing a decrease in the amount of rust. 

There is some evidence that the amount of orange leaf rust may be 
increased by the use of nitrogenous fertilizers. 

The direct effect of fertilizers on the character of plant growth and 
yields seems to be much more important than their effect on the severity 
of stem rust. 

The date of maturity, degree of lodging, crinkling, shriveling of seed, 
percentage of yellow-berry, and 3deld of straw and^^^g^^ affected 

profoundly by different fertilizers. 
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On some soils, and under certain weather conditions, heavy fertilization 
with nitrogen decreases ' yield greatly by increasing the ■ proportion of 
straw to seed, by inducing lodging and burning out. This probably 
has been confused with rust injury. 

On soils deficient in nitrogen, barnyard manure and nitrates incre^,sed , 
yields without increasing^ the severity of attack by stem rust.' 

Neither acid phosphate nor potassium counteracted the harmful effects 
of excessive fertilization with nitrogen on some soils. 

On properly fertilized soil wheat yielded well in spite of heavy attacks 
of^femrust.. 

^lile the direct effect of fertilizers on the development of stem rust 
seems to be slight, there is sometimes a profound indirect effect. It is 
advisable, therefore, to avoid excessive fertilization witli nitrogen and to 
use phosphates and potassium fertilizers on those soils which need them. 
Rust damage can be reduced in this way. 
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PLATB I 


Fliotograpii of plat 8 in the commercial fertilizer series in 1917 on University Farm 
(see Table IX) . "Marquis on the left and hybrid on the right. This plat had received 
acid phosphate at the rate of 1,000 pounds per acre in 1916 but none in 1017. It 
had received sodium nitrate at the rate of 1,000 pounds per acre in 1917. Note the 
very severe lodging. This is characteristic of the effect of nitrogen on University 
Farm. Note also the badly shriveled seed from the Marquis. This variety showed 
60 per cent of stem rust, and the yield was 15.8 bushels per acre. Compare with 
Plates 2 and 3. 
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PLATE 2 


Photograpli of plat 21 of the commercial fertilizer series in 1917 on University 
Farm (see Table IX). Maiqnis on the left and hybrid on the right. This plat had 
received potassium chlorid at the rate of 250 pounds per acre and acid phosphate 
at the rate of 500 pounds per acre in 1916, but no fertilizer in 1917. Note the uniform 
stand and freedom from lodging, in sharp contrast with the condition shown in Plate 
I. Note also the plump kernels of Marquis compared with the very shriveled kernels 
shown in Plate i. The percentage of stem rust was 27 per cent on Marquis and 2 
per cent on the hybrid, and the yield of Marquis was 32,6 bushels per acre. The 
wheat in many of the plats fertilized with acid phosphate and potassium chlorid 
was like this. The kernels were plump and the yield was satisfactory in spite of the 
fact that on some of them the rust infection in previous years was from 50 to 85 per 
cent. 



PLATES 

Photograph of plat 26 of the commercial fertilizer series in 1917 on University Farm 
(see Table IX). Marquis wheat on the left and hybrid on the right. This plat received 
potassium chlorid at the rate of 1,000 pounds per acre in 1916 but no fertilizer in 1917, 
The rust infection was 32 per cent on Marquis and 7 per cent on the hybrid. The 
yield on Marquis was 33.2 bushels per acre. Note the plump kernels of Marquis and 
compare with those shown in Plate I. 
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MORPHOLOGICAL AND PHYSIOLOGICAL STUDIES ON 
THE RESISTANCE OF WHEAT TO PUCCINIA GRAM- 
INIS TRITICI ERIKSS. AND HENN.‘ 

By C. R. Hursh* 

Agent, Oj^e of Cereal Investigations, Bureau of Plant Industry, United StatesDepartment 
of Agriculture, and Assistant Plant Pathologist, Department of Agriculture, University 
of Minnesota 

INTRODUCTION 

Many conflicting statements have been made regarding the nature of 
resistance of wheat varieties to Puccinia gramims iritici Erikss. and 
Henn. It is clear, also, that there are many different opinions re- 
garding the degree to which this resistance can be changed. For this 
reason it seemed desirable to investigate the factors which affect the 
virulence of rust attacks. 

There are two conceivable reasons for the resistance of plants to fungous 
attack— morphological peculiarities and physiological resistance. 

4There may be mechanical obstacles to the entrance of the germ tubes 
of the rust fungus into the tissues of the host. While the host cells may 
be quite susceptible after the germ tubes once have entered, it is quite 
conceivable that so few may enter that the plant is protected against 
he^vy attack. The number of hairs on the surface of the plant, and the 
number, size, disposition, and peculiarities of movement of the stomata, 
conceivably cc^ld exert a considerable effect upon the entrance of the 
germ tubes.:^,:: ,,,:; . ' 

If the pathogene is unable to obtain proper food materials from a 
certain plant, even after it has entered, the possibility of its parasitizing 
that plant is precluded, of course. Furthermore, if toxic substances 
occur in the tissues of the plant, the pathogene will be weakened or killed. 
It is possible, however, liiat the cells of certain tissues may be quite sus- 
ceptible to the attacks of a pathogene but that the number of these cells 
may be so limited as to make it impossible for the organism to develop 
extensively. A plant therefore may be physiologically susceptible and 
morphologically resistant. There appeared to be good evidence from 
field observations that certain varieties of wheat apparently were re- 
sistant to certain biologic forms of P. graminis merely because there 
were not sufficient tissues in the host plant in which the rust parasite 
could develop. If the plant develops a large amount of woody tissues, 
it is clear that the area in which rust h 3 phae can grow is rather limited. ; 

It is well known that the morphology of wheat plants may be affected 
by temperature, light, moisture, and soil nutrients. Just to what extent 
environmental factors could affect the development of rust indirectly by 
affecting the structure of the plant has not been shown. It frequently 

^ Accepted for publication Nov. X9, 1983. Cooperative mvestigations between the OflSce of Cereal 
Investigations. Bureau of Plant Industry, United States Dej^rtment of Agriculture, juid the Department 
of Agriculture of the University of Minnesota. Published with the approval of the Director as Paper No. 
40X of the J[oumai Series of the Minnesota Agricultural Experiment Station- 
s The writer takcss pleasure in acknowledging his indebtedness to Dr. E, C Stakman, Professor of Plant 
Pathology, University of Minnesota, and Pathologist. Office of Cereal Investigntions. Bureau of Plant 
Industry, United States D^artment of Agriculture, for suggesting the problem and for much helpful 
ciitimsmdtoingitspiosecu^ . ' ■ '.kI."'''. 
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has been observed that varieties which maybe susceptible in the seedling 
stage apparently are resistant in the field. That is, the rust does not 
dewlop on them sufficiently to do any damage. The indications are that 
either the germ tubes fail to enter the host, or, if they do, the mycelium 
for some reason can not develop extensively. Attention has been focused 
on this phase of the problem particularly since the discovery of numerous 
biologic forms of P, graminis tritici. 

The specific problems which the writer undertook to investigate, there- 
fore, were the following: (i) Are the morphological differences in differ- 
ent varieties of wheat sufficiently great to affect materially the entrance 
of germ tubes? (2) After the germ tubes have entered, are there struc- 
tural and physiological peculiarities which account for the inability of 
certain biologic forms to develop in certain varieties of wheat? (3) Can 
these structural and physiological characters be altered sufficiently by 
environmental factors to change the reaction of the host to the rust 
parasite ? 

HISTORICAL REVIEW 

Much of the literature on the subject of rust resistance has been re- 
viewed elsewhere, so only a brief review will be given of those papers 
which bear definitely on the problems at hand. 

/ The relation of the morphology of the host to rust resistance has been 
studied by several investigators. Sappin-Trouffy (4^) ^ stated that the 
mycelium of Puccinia graminis is entirely localized in the chlorophyll- 
bearing parenchyma, so that it can grow readily only longitudinally in 
the stem, being prevented from extensive radial spread by the hemispheri- 
cal sheati of sclerenchyma fibers. The natural result is the formation of 
linear pustules, y 

./Cobb {^) thought that the degree of rust resistance of wheat varieties 
was correlated with the tensile strength of the leaves, the ratio of scleren- 
chyma to chlorenchyma, the amount of waxy bloom, the jmmber and 
size of stomata, and the number and length of leaf hairsf Petermaiin 
(40; p. 1^-16) suggested that silica increased the strength of cell walls 
and their resistance to puncture, » thus increasing resistance. Farrer 
(j^) was of the opinion that wheat plants with narrow erect leaves and 
thick epidermis were likely to be resistant. Ward (57) , Eriksson and 
Henning (la), and Biffen (6), on the other hand, concluded that external 
morphology had little effect on resistance to various rust fungi.y 
y^ard (57) found that entered susceptible and* 

resistant hosts equally well, but that^ mycelium could not develop 
normally in the latter. The hyphae swn <fed in the resisto^^ 
either on account of starvation or poisoning.^ Gibson (16) showed that 
germ tubes of rust fungi easily gained entrance through the stomata of 
m^ny plants, but that the hyphae could produce haustoria and develop 
subsequently only in susceptible forms. Marryat (34) in general con- 
firmed the observations of Ward and Gibson and showed further that 
the cells of wheat varieties resistan,^to P, glumarum were killed by the 
rust hyphae, which then also died. >6takman (51), Allen (2), and Newton 
(37) found that essentially the same thing was true of P. graminis. 
Allen (x) further showed that the size and shap^of the guard cells may 
be a factor in the entrance of the germ tube, v 

* Reference is made by number (italic) to ' 'literature dted,** p. 408. 
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'^*^ard {58), Arthur (4), and Stakman (50) emphasized the importance 
of the effect of the physiologic condition of the host plant on the develop- 
ment of rust. Their general conclusion was that the vigor of the parasite 
is directly proportional to the vigor of the host. Biffen {6) concluded 
that the virulence of P. glumarum is dependent on the amount of fertili- 
zer used.-/' 

It has long been considered that the plane of metabolism of, the 
host profoundly influenced the degree of development of rust. See Raines 
(42). See also paper of Stakman and Aamodt in the present number of 
this Journal. The opinion has been prevalent that heavy applications 
of nitrogen increased the susceptibility of cereals to rusts. See Sorauer 
(48), Hiltner (23), Comes (jo), Spinks (49), Little (29), Bolley (7), 
Anderson (3), Remer (43), Freeman (14), Cobb (8), Stakman and Aamodt 
(53). It has also been thought that potassium and phosphates rendered 
them more resistant. See Montemar tini (3 5) , Miiller and Molz (36) , Sorauer 
(4<^), Hiltner (23), Comes (10), Spinks (49), Remer (43). On the other hand, 
Pantanelli (39) found that excess phosphate in relation to nitrogen increased 
resistance only when it checked the growth of the host plants. Stakman 
(52) states that large amounts of nitrogenous fertilizers, particularly 
on soils which do not need them badly, will permit greater rust damage. 
Plants so fertilized have a weak straw which crinkles badly when rust 
attacks it. The development of a stiff straw is desirable, and plants 
fertilized with potassium or phosphate fertilizers usually yield better 
in bad rust years than those heavily fertilized with nitrogen. 

'V As to the influence of certain physicochemical properties of the sap 
of the host plant upon rust development, Comes (lo) concludes that 
resistance of wheat to P. glumarum is increased by superphosphate 
fertilizer but is weakened by nitrogenous fertilizer, and suggests that 
this increased resistance might be due to an increase in the acidity of 
the sap. He states that the sap of “Rieti” wheat is nio|e acid than 
that of any other Italian wheat. This variety is particularly resistant 
to rust. Kirchner (27) and Henning (22) also call attention to the 
importance of high acidity of the cell sap in resistance to rust. Gortner 
(17) reports that excess fertilization with sodium nitrate decreased the 
hydrogen-ion concentration in Haynes Eluestem wheat. Grimaldi (jp) 
and Hurd (24) question the importance of the acidity of the cell sap in 
resistance of wheat to rust, pointing out that there is no positive cor- 
relation between the two. The latter shows that environmental con- 
ditions may cause greater differences in the acidity of the cell sap of a 
single variety than usually occur between different varieties grown under 
the same conditions. Pantanelli (39) states that the organs of the 
wheat plant most susceptible to rust are those richest in sugars, acids, 
and in soluble compounds of phosphorus and nitrogen. 

Mains (32) and others have shown that the carbon metabolism of the 
host is iniportant in the development of rust. Kirchner (27) and Hen- 
ning (22) give tables of the sugar content of the saps of resistant and 
susceptible varieties. These tables indicate that the concentration of 
glycose or reducing sugars is higher in the more susceptible varieties. 

EXPERIMENTALBATA 

Studies have been made on the entrance of germ tubes of Pwcanfa 
graminis into the host, the morphology of the wheat plant as related to 
rust resistance, the relation of nutrient salts to tlie development of stem 
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To determine the relative number, of stomata on the leaf, seedlings of 
wheat varieties w^ere grown in the greenhouse. When the seedlings were 
10 days old, the first leaf of several plants of each variety was cut off 
near the base and placed in aceto-alcohol until clear. The entire leaf was 
then mounted in aceto-alcohol and observed through, strong transmitted 
light. Counts were made both on the midrib and at the outside of the 
leaf, I inch and 2 inches from the tip. 


Table III . — Average number of stomata in 10 fields, each containing 2.1 sq. mm., 
from both surfaces on different parts of the leaves of five wheat varieties 



On midrib. 

Edge of blade 



Variety. 

Distance from tip. 

Distance from tip. 

Average 

for 

lesif. 

Average 

both 

surfaces. 


I inch. 

2 inches. 

I inch. 

2 inches. 



Khapli, C. I. 4013: 







I/)wer surface 

5 ^ 

57 

52 

49 

54 

1 66 

Upper surface 

69 

80 

78 

87 

78 

Kaured, C. I. 5146: 







Lower surface 

37 

47 

42 

45 

43 

j- 64 

Upper surface 

70 

78 

71 

81 

75 

Marquis, C. I. 3641 : 






Lower surface 

52 

34 

45 

28 

40 

1 61 

Upper surface. 

79 

78 

92 

84 

83 

Little Club, C. I. 4066: 






Lower surface 

44 

50 '1 

44 

38 

44 

} 

Upper surface 

70 

1 

81 

73 

89 

79 

Kota, C. I. 5878; 






Ix)wer surface 

1 36 

35 

32 

33 

34 

} « 

Upper surface. 

1 56 

1 . 

55 

59 

56 

1 

56 


Table IV. — Size of stomatal apertures on seedling leaves of different wheat varieties in 
the greenhome, at different times in a winter day with bright sunlight from g.4§ a, m, 
4‘35 P‘ University Farm, St. Paul, Minn. 


Variety and data on stomatal 


Time of day. 



openings. 







9.1s 

XI.J5 

I.IS 

3 .XS 

S.IS 

Little Club, C- I. 4066: 






Aperture in micra. . , 

32.1x0.5 

34.3x4.35 

40.3 X 7.4 

38.9x7.8 

'Close.d, 

Percentage open , . 

I 

32 

100 

100 

0 

KhapH, C. I. 4013; 





Aperture in micra. . . 

22.6 X 0.5 

22.6 X 0. 5 

22.6 X 0. 1; 

24.2 X 0. t; 

22.6x0.5 

Percentage open . . . . 

; I 

60 

75 

20 

5 

Kanred, G. I. 5146: 





' Aperture in miem. . . 

34.2 X0.5 

35-935:5.1 

39.4x6.3 

40.5 X 5.0 

Closed. 

Percentage open .... 

60 

95 

95 

95 

,■ 0, 

Mindum, C. I. 5296: 



„ Aperture in^ micra. . . 

23.5x0.5 

28.1 X I.O 

31.3 X 0.9 

26.1 X 0.7 

3X.3X0.5 

Percentage open .... 

40 

So 

10 

. 10 

■5 ' ' 

Marquis, C. I. 3641: 






Aperture in micra. . , 

Closed. 

33.0 X 1.3 

33. ox 1.3 

, I 

Closed. 

Closed. 

Percentage open .... I 

■ 'O' ' 

, ■■ I 

' 0 

0 ' 

Kota, C. I. 5878: 






Aperture in micra. . . 

35-<>xo.5 

36,9 X 2 . x 

■■35.1 X 2.9/ 

35.1 X 3.1 

Closed. 

Percentage open 


20 


■ ■' " X" 

" O' 
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There is no great difference in the number of stomata on the, different 
varieties: Kota always has the least, and Khapli consistently the most. 
(Table III.) The difference in the number of stomata on these varieties 
seems unrelated to the degree of resistance to stem rust in the greenhouse. 
Khapli, the most resistant wheat used for determining biologic forms 
of rust at University Farm, has the largest number of stomata. What 
appears to be more pertinent to the problem is the frequency and the 
extent to which the stomata open. 

Size AND Movement op Stomata 

Allen (i) suggested that the inability of many germ tubes to gain 
entrance into Kanred wheat might be due to the size and shape of the 
stomatal aperture. 

The writer compared the size of the aperture of stomata of five Wheat 
varieties- The method employed by Lloyd (jo) was used. Epidermis 
strips were placed immediately into absolute alcohol, and then studied 
under the microscope. Check observations were made by fastening 
growing leaves to the substage of the microscope and observing the 
stomata direct. Measurements made in this manner agreed entirely 
with those from epidermis strips placed in alcohol. 

It is obvious from these observations that the stomatal slits of Kanred 
wheat are open to a much greater extent than would be expected from 
Allen’s preliminary report. These data are shown in Table IV. 

Allen (i) found that only about 10 per cent of the germ tubes of a 
form from which Kanred is immune entered this variety, while about 
30 per cent of the germ tubes of a form to which Kanred is susceptible 
entered. The following explanation was offered ; “The presence of the 
appressorium might act as a stimulus by mere contact, by altering the 
gaseous exchange through the stoma or disturbing the moisture relations, 
by exerting a possible toxic inffuence upon the guard cells, or by its 
presence shutting off some of the light from the guard cells. It is at least 
conceivable that the guard cells might be sensitive to the appressorium 
and remain closed, thus excluding the fungus.” She also observed that 
in Baart, a variety very susceptible to most biologic forms of P. 
graminis tritici, only 67 per cent of the germ tubes which formed appres- 
soria entered. 

Newton (57) has studied the behavior on Kanred of the germ tubes of a 
biologic form which fails to produce pustules or flecks on this wheat 
variety, and concludes that approximately 30 per cent of the germ tubes 
which form appressoria enter. This difference in the observations of 
different investigators strongly suggests that conditions during the 
incubation period influence the number of entries which the fungus is 
able to make. It seems probable, therefore, that the conditions which 
influence the opening of the stomata, both before and after appressoria 
are formed, may have considerable effect on entrance, 

Loftfield (51) points out that the stomata of cereals rarely are all open 
to their maximum at the same time. Even under the most favorable 
field conditions all the stomata are open only for one or two hours each 
day, the tendency in cereals being to operate with many closed stomata. 
He further observed that on many days the stomata of wheat plants do 
not open at.alL. ,,; 

On the two dalys prior to the date oi observations, careful examination 
showed that the stomata of the six wheat varieties used in the experiment 
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presented in Table IV failed to open. These days were very dark, there’ 
being no smalight whatever. It seems that stomata! movement not only 
varies with different varieties of wheat, but varieties themselves evidently 
do not respond to a variable in exactly the same way. 

Experiments therefore were made to ascertain whether, the stomata] 
behavior in any particnlar variety of wheat is an important factor in 
determining the number of stem-rust infections which result from a given 
number of spores germinating on the leaf surface. 

Relation of Formation of Appressoria to Subsequent Infection 

Seedlings of five wheat varieties which behave quite differently toward 
several biologic forms of P. graminis were heavily inoculated with viable 
urediniospores and placed in humidity chambers for 48 hours. The 
plants then were placed on the greenhouse bench for 48 hours. A number 
of leaves then were taken at random from each variety and cleared several 
days in aceto-alcohol. The remaining leaves were left in order to ascer- 
tain the number of uredinia which would develop. The cleared leaves 
then were submerged one minute in Pianeze stain, and washed in water to 
remove the excess stain. The leaf tissue which had been cleared by the 
aceto-alcohol did not take the stain, but the germinating spores, germ 
tubes, and appressoria on the leaf surface were stained purple red. The 
entire leaf was then mounted, and the germ tubes on its surface were 
observed in direct light. The results are given in Table V. 


TabuE V. — Relation between number of appressoria of Puccinia graminis produced on 
the wheat leaf and subsequent infection 


Wheat variety. 

Percentage of tiredmiospores 
germinating on leaf. 

Average 
number 
of appres- 
soria per 
leaf. 

Number 

inoculated 

plants 

infected. 

Average 
number of 
uredinia 
per leaf. 

INOCULATIONS WITH BIOLOGIC FORM XVIII 

Ranred, C. I. 5146 


■ ' 17 

20 

7 

% 2 

XittleCIub.C. 1.4066 

Abundant; approxi- 
mately 50 per cent. 

il 

2.'8 

Rota, C, I. 5878. 

19 

. ■ 


2. 1 

Marquis, C. T.' ^641 

I- ' 

■ ■ 7 

4. 6 

Rhanli, C. I, 401^ 


I : 





INOCULATIONS WITH BIOLOGIC FORM XXVII 


Ranred, ,C, I. 5146. . .......... 


f 32 

44 

V ^7 
27 

1 22 

1 

i 

i 0 

Little Club, C. I., 4 o6'6. 

^ Abundant; approxi- 
xnately 50 per cent. 

i ' 2: 0 

Rota, C. I. 5878....... ........ 


O ' ■' 

Marquis, C. I. 3641 .... . . . . , . , . 

RhapH, C, I. 4013 

" 1* 

'' 4 

■■■ 

'■'4* 2 



» . ■ , 0' 

¥ 



« The denominator indicates the number of leaves artificially inoctilattd, and the ntimemtor shows th^ 
number which became infected. 



Feb. 9, 1934 Resistance of Wheat to Puccinia graminis tritici 389 


The .degree of mfection produced by biologic Forms XVIII and' XXVII 
on the wheat varieties given , in Table V is summarized below. These 
data are based on Table IV, Technical Bulletin No. 8, Minnesota Agri- 
cultural Experiment Station. 


Wheat variety. 

Degree of mfection. 

Biologic Form XVIII. 

Biologic Form XXVII. 

Kanred, C. I. 5146 

Very lieavy 

No infection. 

Very lieavy. 

No infection. 

Weak. 

Do. 

Little Club, C. I. 4066. 

do 

Kota, C. I- 5878 

do. ............ 

Marquis, C. I. 3641 

do. 

Khapli, C. I. 4013. 

Very weak. ........ 




On some leaves observed in the foregoing study, as many as 60 ap- 
pressoria were seen, and where the spore germination was profuse there 
never were fewer than 15. As relatively few uredinia developed, there 
appeared to be but little correlation between the number of appressoria 
formed and the number of subsequent infections. For example, it fre- 
quently has been observed that even on the completely susceptible 
Little Club, numerous appressoria may be observed on leaves which fail 
to become infected. It seems improbable that the germ tubes entered, 
because antagonism between the host cells and the parasite, which con- 
ceivably could account for lack of infection, never has been observed 
in this variety. 

It is probable that the stimuli for the formation of appressoria and 
for subsequent entrance of the germ tube are entirely diffei^ent. The 
formation of appressoria may be due to thigmotropism, because they 
often are formed in depressions between epidermal cells and in other 
places where they come in contact with some object. Ward (59), Rob- 
inson (44), Fromme (15), and Mains { 32 ) noted that the germ tubes of 
certain rust fungi tended to be negatively heliotropic; while Balls (5) 
suggested that a hydrotropic response might account for entrance. 
The germ tubes might grow toward the stomatal opening, either on 
account of a negatively heliotropic or a positively hydrotropic response, 
or both ; but the tubes probably can not enter if the stomata are closed 
tightly. . 

According to Allen (i), only 67 per cent of the germ tubes which form 
appressoria enter the very susceptible host, Little Club. If only two- 
thirds of the germ tubes forming appressoria enter a very susceptible 
host under favorable conditions, we are not justified in emphasizing 
the relative number of germ tubes which enter from appressoria formed 
on resistant hosts. Before the results of different experiments can be 
compared, it will be necessary to control all the factors which influence 
the movement of stomata during the incubation period. 

It is quite possible that neither the number nor the size of the stomata 
greatly influences the entrance of the germ tubes. It is probable that 
the d^ee and duration of opening are more important. If the stomata 
are fairly wide open for some time the germ tubes may enter easily, but 
if they remain closed, there is no evidence that the tubes can force their 
way into the substomatal chamber. On the other hand, there is abun- 
dant evidence to show that even on the most susceptible varieties spores 
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may produce abundant germ tubes which form^ appressoria , over the 
stomata and yet do not enter. In these cases it is possible that the 
stomata may not have opened at all. 

It appears probable that entrance in itself, so far as greenhouse studies 
are concerned, is a factor in the resistance of most wheat varieties only 
when the stomatal movement is such as to effect complete closure of 
the aperture. The very fact that many biologic forms regularly enter 
Kanred seedling leaves under greenhouse conditions is sufiicient evidence 
that the failure of some forms to produce infection can not be due to 
the small size of the aperture. It seems more probable that the forms 
which do not enter may have a specific physiological effect upon the 
guard cells, which respond by complete closure, or that when entrance 
is effected the germ tubes are destroyed before they can produce any 
easily visible effect upon tlie host. 

MORPHOLOGY OP THE WHEAT STEM AS RELATED TO RUST RESISTANCE 

During recent years the idea has been prevalent that rust resistance 
was not due to morphology of the host. But it never has actually been 
demonstrated that the morphology of the wheat stem bears no relation 
to the development of Puccinia graminis. On the other hand, there are 
certain suggestions in the early literature that the internal structure of 
the stem may determine in some measure the extent of spread and devel- 
opment of the fungus. This is particularly evident in the plates and 
figures by Sappin-Trouffy {4y) and Eriksson and Henning (la). 

P. graminis causes the greatest injury when it attacks the portion of the 
stem or peduncle immediately below the rachis, known as the neck. It is 
evident from field observations that the necks of all varieties are not 
uniformly attacked by stem rust. Plate i, F and G, shows two varieties 
of wheat, one quite susceptible and the other generally resistant to 
stem rust, in the field plots at University Farm, St. Paul. 

The variety shown in Plate i, F, is Kota, C. I. 5878, which is generally 
considered resistant in the field. It is attacked by stem rust, however, 
and normal linear uredinia are produced. These may be as much as a 
centimeter in lengtli. Usually the uredinia are separate and quite 
distinct to the eye. Even when the infections are numerous, it is not 
difficult to make out the characteristically linear individual uredinia. 
The spores produced are quite normal. 

Plate I , G, shows the heads and necks of Little Club, C. I. 4066. This 
variety is always very severely rusted at University Farm, St. Paul. 
It sometimes is so severely injured by stem rust that, when heads are 
produced, only very small shriveled kernels are formed. ITie uredinia 
just below the rachis are very large and confluent. The epidermis 
breaks off as large scales, exposing masses of spores in a single large 
uredinium beneath. 

STRUCTURE or The STEM 

In order to study the structure of the stem, several wheat varieties 
were grown in adjacent rows. When the heads were in the soft-dough 
stage, stems were killed and cleared in aceto-alcohol. Sections iom 
, thick were then cut in pith by means of a sliding razor. Hydrodiloric 
add-orcin, hydrochloric acid-phlorglucin, and analin-sulphate were used 
to differentiate the cellulose and i^ntosan structures. For permanent 
mounts for photomicrographs, sections were stained with Pianeze stain, 
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passed througli acid alcohol, cleared in carbol-turpentine, passed through 
xylol and then mounted in balsam. Light staining with iodin clearly 
brought out the chlorophyll-bearing areas of the stem. 

The wheat stem consists of a hollow cylinder, except in solid-stemmed 
varieties. (PI. 2, A and B.) The epidermis, of course, consists of a 
single layer of cells, the inner walls of which are sometimes lignified. 
The number of stomata per unit area of surface differs in different 
varieties. Just beneath the epidermis is the chlorenchymatous collen- 
chyma. This sometimes extends in an almost continuous band around 
the entire stem, although it usually is interrupted by strands of scleren- 
chyma. The collenchyma cells then are aggregated into isolated bundles, 
the size and number of which vary considerably in diJfferent varieties. 
The vascular bundles are arranged in a more or less definite ring in the 
thin- walled parenchymatous tissue of the fundamental ground tissue. 
Toward the inside is the pith. The bundles may be arranged in one or 
more rings; usually there are about 15 large bundles and a variable 
number of smaller bundles outside of the larger ones. A more or less 
continuous sheath of sclerenchymatous fibers extends between the differ- 
ent bundles and outside of them. Strands from this sheath often extend 
from the bundles through the collenchyma to the epidermis. It is par- 
ticularly important to remember that the only chlorenchymatous tissue 
in the stem is the collenchyma. These extensions of the sclerenchyma- 
tous tissue interrupt the continuity of the collenchyma and break it up 
into bundles, the size of which depends upon the amount of schlerenchy- 
matous tissue which develops. 

This same general structure was shown by Sappin-Trouffy (47, p. 10 3) 
for oat stems and is figured for the sheath of wheat by Eriksson and 
Ilennmg {i2, PL 4, 

Photographs of sections of the upper peduncle or neck of four varieties 
of wheat— Kota, C. I. 5878; Little Club, C. I. 4066; Marquis, C. I. 3641 ; 
and Sonem emmer, C. I. 4402 — are shown in Plate 2, C, D, E, and F. 
It is evident that the relative proportion of sclerench^yma to collenchyma 
is not the same in each variety. In Kota the sclerenchyma divides the 
collenchyma into distinct areas, while in Little Club the sclerenchyma is 
much less conspicuous and the collenchyma is practically continuous. 
In the Marquis stem there are somewhat more sclerenchyma fibers than 
in the Little Club stem and there also is a greater tendency for union 
of the collenchyma areas than in the stem of Kota. In the stem of 
Sonem emmer a large amount of sclerench3mia always is developed. 

The morphological difference which may be expected in stems of 
different wheat varieties is illustrated in figure i. The illustrations are 
actual tracings of permanently mounted sections prepared in the course 
of these experiments. In order to secure these tracings, the slides bearing 
the sections were placed on the stage of the microscope attachment of a 
projection lantern. The sections were then projected on white cardboard, 
placed 6 feet from the lantern. This greatly enlarged the sections, so 
that the details of structure could easily be traced with a pencil. The 
epidermis and fibrovascular bundles, together with all scierench3mia, 
then were filled in with India ink, following which tracings of the different 
varieties were placed on a single large card and photographed. The 
interesting fact is the marked difference in the extent and distribution 
of the collenchyma areas in the different varieties. Figure 1, A, is made 
from a tracing of a section of Sonem emmer, C. I. 4402. In three years' 
observation this variety has shown less infection from both P. ifiticina 
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and P. graminis than any other wheat grown at University Farm, St. 
Paul. The collenchyma areas are extremely small and make up but 
little of the stem structure. The sclerenchjnna areas are decidedly pre- 
dominant in this variety and make up the major portion of the stem 
proper. The unevenness of the surface made by the bulging out of the 



i?iG. I.— -Tmcijigs of transverse sections of the upper peduncle or neck of different wlieat varieties, The 
sdcrenchyrnatous tfeues are represented by the black areas. Note the practically continuous band of 
collmchyiiia just under the epidermis in B; note also the relatively large collenchyma bundles i*i B. 
(X/as.),: 

A. -^Sonem enxmer, C. 1. 4403,. ■ ■ ' 

B. — Little Club. C. 1.4066, ' 

C. — V ernal (White Spring) emmer, C. 1 . 3686. 

■ D,~Marquis,,C' L 3641.' " ■ 

B.—Kota, C. I. 5S78. 

F.— Einkom. C. L 2433. 

sclerenchyma between the chlorophyll-bearing areas is very pi-omineiit. 
This condition is characteristic of ail the etamer varieties studied, although 
the unevenness is particularly evident on Sonem emmer. 

Figure i, B, shows a tracing of n section of Little Club, C. I. 4066. 
This variety as infected by rust in the field, is shown in Plate i, E * 
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Sections of its stem also are shown in Plate 2, D. In marked contrast to 
figure I, A, the chlorophyll-bearing area is quite extensive and con- 
tinuous, The sclerenchyma is confined to the regions between the 
fibrovascular bundles. The surface of the stem is smooth and even. 
Figure i, C, is of Vernal (White Spring) emmer, C. I. 3686. This variety 
is similar to Sonem emmer in the extensive development of sclerenchyma- 
tous tissues. A tracing of a section of the stem of Marquis, C. I. 3641, is 
shown in figure i, D. In this variety the collenchyma areas are smaller 
than similar tissues in Little Club, but, nevertheless, they are considerably 
larger than the collenchyma areas of the emmer varieties. Figure i, E, 
is a tracing of Kota, C. I. 5 8 78. A photograph of the variety is shown in 
Plate I, F. Figure i, F, shows a tracing of Einkom, C, I. 2433, a variety 
of wheat possessing a stem of small diameter, compared with that of 
other varieties. All of the tracings shown in figure i have been traced 
on the same scale and show relative size. 

It must be kept in mind that the diagrams shown illustrate the ten- 
dency of a variety to produce a certain type of structure and that certain 
fluctuations are to be expected in individuals. Even Little Club, when 
sectioned some distance from the rachis, shows the chlorophyll areas, 
beginning to be divided by sclerenchyma, but never to the extent shown 
in other varieties. Plate i, F, shows this fact in that the pustules at a 
distance from the rachis are taking on a more elongated appearance. On 
the other hand, out of hundreds of sections made, never has a section of 
emmer shown any tendency of the collenchyma areas to be confluent. 
Considering the established fact that the development of the mycelium 
of P, graminis is practically limited to the collenchyma of the stem, it is 
not difiicult to see that tlie different varieties studied will necessarily not 
show the same amount of stem-rust injury when subjected to a rust 
epidemic. 

STEM STRUCTURE AS REnATBl) TO RUST UBVErOPMBNT 

Sappin-Trouffy (47, p- 93) states that the action of P. graminis on oat 
stems is quite restricted, as the mycelium is unable to extend excqpt 
longitudinally, because it is bounded at the sides by a hemisphericaT 
sheath of sclerenchyma fiber. The same is true for the action of P. 
graminis on wheat stems. On the Kota stem the uredima are linear 
each one being confined to a single collenchyma bundle. (PI, 2, G.) In 
the neck of Little Club the mycelium is not limited by sclerenchyma 
strands but is free to extend laterally and therefore produces very large 
pustules. (PL 2, H.) Comparing these photographs with Plate i, P f 
and G, the importance of the sclerenchyma in relation to the size of the 
pustule is clear. ' 

If the opportunities for infection are exceptionally favorable and a 
large number of individual infections result, even the varieties with 
extensive sclerenchyma may become severely rusted. Under such con- 
ditions more susceptible varieties, sudti as Little Club or Marquis would 
be seriously injured. It is quite possible, on .the other hand,' that, when, 
only a few infections take place, these latter varieties may be severely 
attacked , while; the emmer varieties may escape comparativdy unharmed,. 

. The structure of the stem affects only the extent of the spread of the 
organism and its subsequent rupture of the epidermis. Resistance to 
stem rust must be considered as being due fundamentally to a complex ; 
physiological relationship. The results obtained by Stakman and Levine 
(54) show the difficulty in explaining actual resistance of wheat varieties 
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on morphologic grounds alone. Actual resistance is in its finality a 
matter of the individual cell. We may picture the collenchyma cells of 
the neck of hittle Club wheat as so many easily rotted fruits in a large 
container where the fungus may spread quickly throughout the entire 
mass, infecting them all. The collenchyma cells in the, stem of such a 
variety as Kota or Vernal (White Spring) emmer, when attacked by a 
biologic form to which it is susceptible, would be like the same fruit 
packed in small baskets, so that when one container was infected the 
fungus could not pass to the next. Thus a large part of the fruit would 
remain uninjured. On the other hand, if one conceives two kinds of 
fruit, one resistant and the other susceptible, both of them packed alike, 
the amount of actual injury sustained is placed on an entirely different 
basis. Of the two bases, the latter is a more fundamental type of resist- 
ance, and it is the type emphasized by Stakman and Levine in identifying 
biologic forms. Acme, C. I. 5284, a wheat variety reported by Stakman 
and Levine to be highly resistant to only i biologic form in 37, suffers 
very little from rust attacks in the field at University Farm, St. Paul. A 
section of the neck of this variety is shown in Plate 2 , 1 . It has a strong 
tendency to produce sclerenchyma fibers between the epidermis and the 
collenchyma, a characteristic not observed in any other variety studied. 
The amount of sclerenchyma shown in Plate 2, I, is unusually large for 
Acme. 

The diameter of the stem may have some effect on the amount of injury 
caused by rust. Other factors being equal, the diameter of the stem alone 
would tend to determine the resistance to rupture, etc. The smaller 
diameter gives the greater surface curvature with the greater resistance to 
rupture. That this resistance to rupture may be of some significance is 
shown by the fact that the mycelium may develop within the collenchyma 
areas of certain small-stemmed varieties with abundant sclerenchyma, 
and yet produce no uredinia. This condition is quite common in the 
emmers. Within a given variety, any factors which would increase the 
size of the stem or the proportion of collenchyma to the sclerenchyma 
would also tend to increase the actual injury resulting from a rust attack. 
The many statements by investigators concerning the heavier rust 
infections due to manuring with nitrogenous fertilizers may be in some 
way partly connected with this fact. 

Rni/ATION OF NUTRIENT SAUTS TO THE DEVEEOPMENT OF STEM RUST 

A series of sand cultures was set up for the purpose of studying the 
relation of certain nutrient salts to the morphology and physiology of 
the wheat plant, and the possible indirect influence of these salts on the 
development of stem rust. 

EXPERIMENXAr PROCEDURE 

A clean, white quartz sand was secured from the division of soils of the 
Minnesota Agricultural Experiment Station. This was best Ottawa 
quartz and contained so little nutrient material as to be unable to support 
growA. All the salts used in making up the nutrient solutions were 
chemically pure but were not recrystallized. 
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In setting up this series of culttires two liters of sand were placed in 
each crock, to which was added 1,900 cc. of distilled water containing the 
entire amount of the salts used. A constant water table was maintained 
by adding distilled water. A water gauge was inserted in the hole at 
the bottom of the crock and paraffined in to insure a ready means of 
observing the water table for each pot. In addition to the water gauge 
from the bottom of the crock, an inverted thistle tube, was placed in the 
center, so that the bell of the tube, covered with cheesecloth, was 2 inches 
from Ihe bottom. This furnished good aeration and permitted excellent 
root development. 

Two series were set up on different dates, January 29, 1922, and June 
14, 1922. Haynes Bluestem wheat, C. I. 2874, from Ihe same seed lot, 
was sown in each series. Tables VI and VII give the salt combinations 
used. 

TablH VI. —Saifs used in series of sand cultures started January 2 p, ig22, to determine 
ihe relation of nutrient salts to development of stem rust 


Series No. 

Salt. 

Grams per 
liter. 

Gram molecules 
per liter. 


fCa(NO.,). 

I. 279 

0. 0078 

lOI 

KH0PO4 

I. 471 

. 0108 


Mgso.,.: 

0. 361 

. 0030 


’Ca(NO,b 

I. 279 

. 0078 


ICH0P64 

I. 471 

. 0108 

102 

MgSO.! 

0. 361 

. 0030 


KNO^ 

1. 729 

. 0171 


CaCNOgb 

1. 279 

. 0078 


KH2PO4 

1. 471 

. 0108 

1 03 

MgS04 

0. 361 

. 0030 


MgHPO^ 

2. 982 

. 0171 


CaCNOa), 

I. 279 

.0078 


KH0PO4 

I. 471 

- 0108 

1 04 . ■ . • - 

MgS04 

0.361 

. 0030 


K2SO4 

2, 980 

. 0171 


fCaCNOj). 

1.279 

. 0078 


KH2PO;. 

1,471 

. 0108 

^05 

MgS04 

0.361 

. 0030 


NaNOs . 

I. 454 

. 0171 


(Ca(N 03 ). 

I. 279 

. 0078 


ICH0PO4 

1.471 

. 0108 

' 

lMgS 04 

0.361 

.0030 


CaHP04 

1 2. 943 

■ '..'Oiyi 


fCa(N03)-,. 

I. 279 

. ,0078 

107 

\ KH2PO4 

I 1 . 471 

■ , 0108 



MgSOi . 

1 0. 361 

. 0030 
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Table Vll.—Salt combinations used in series of sayid cultures started on June 14^ XQ22, 
io determine the relation of nutrient salts to development of stem, rust 


] 

Series No. j 

! 

Salt. 

Grams per 
liter. 

Gram molecules 
per liter. 


1 

Ca(N03). 

I. 279 

0. 0078 


KH2PO4. 

I. 47 1 

. 0108 

I 2 I 

MncQn 

0. 361 



lVlgOC»4 

. 0030 


FeS04 

0. 020 

. 0001 


Ca(N03), 

1. 279 

. 0078 


KH0PO4 

I. 471 

- 0108 

T 22 . . . . 

<MgS04 

0. 361 

. 0020 


FeS04 

0. 020 

. 0001 


,K,HFO., 

I. 882 

.0136 


'Ca(NO,).> 

1.279 

. 0078 


KHoPO, 

I. 471 

. 0108 

12-3 

<MgS04 

0. 361 

. 0030 





FeS04 

0. 020 

. 0001 


.KNO3 i 

0. 864 

. 0015 


Ca(Nb»), ' 

I. 279 

. 0078 




1.471 

. 0108 

124. ' 

MgS04 

0.361 

. 0030 




FeS 04 ’'.... 

0. 020 1 

t 0001 


.KNO3 

I. 729 

. 0171 


fCaCNOsls 

! 0, 128 

. 0008 


KH2PO4 

' 1. 471 

. 0108 

125 

(MgS04 

0.361 

. 0030 




FeS 04 

0. 020 

. 0001 


.CaHP 04 

' 2. 943 

. 0171 


fCa(N08).> 

1. 279 

. 0078 


CaHPO J 

0. 294 

. 0017 

126. 

MgS04 ’ 

0. 361 

. O030 




KNOg 

I. 729 

. 0171 


^FeS 04 

0. oao 

• . 0001 


Ca(N03)o. 

I. 279 

, 0078 


iCH2P04“ 

X. 471 

. 0108 

1 2 7 • 

MgSO^ 

0. 361 

. 0030 


.FeS 04 

0. 300 

. 0007 


|Ca(N03). 

1.279 

. 0078 

ToPl 

ICH2PO.;.... 

I. 471 

. 0108 


MgSO., 

0. 361 

. 0030 


lAlCb 

I. 895 

. 0x71 


When the seedlings in the series of January 29 were two months old, 
in place of the regular watering with distilled water, a quantity of the 
particular salt being tested for each series was added to each crock in 
the series as follows : 


Series No. j Salt added Apr. i. 


101. 

102 . 

103. 

104. 

105. 

106. 


250 cc. distilled water, no salt. 

250 cc. distilled water, containing 0.432 gm. KNO^. 
250 cc, distilled water, containing 0.745 gm. MgHP04. 
250 cc. distilled water, containing 0.745 gm, K2SO4. 
250 CC- distilled water, containing 0.363 gm. NaNO^. 
250 cc. distilled water, containing 0.736 gm, CaHP64. 
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The plants of this series were then inoculated on April i, 1922, with 
urediniospores of biolo^c Form XXXIII. This form, as shown by 
Stakman and Levine (54), produces a type ''2'' infection on Haynes 
Bluestem. It was hoped that a form which produced a type 2 infection 
would be more sensitive to changes of the host than a form, to which 
the host is very susceptible or very resistant. The different pots of the 
same salt combinations were not placed together in the incubation 
chambers but were scattered at random so as to prevent any two pots 
with the same salt combination from being together. The plants were 
so heavily inoculated by dusting with urediniospores that the spore 
mass could be seen easily on the leaves. The cloth chambers were 
then covered with wet cheesecloth, an atomizer was inserted through 
slits along the sides near the top and a jBne mist spray was forced into 
the chamber. The air remained saturated throughout the 48-hour 
incubation period, following which the plants were placed on the green- 
house bench for 14 da3rs. No observations were made on the stomata! 
movements, although this would have been desirable. 

The series of June 14 was exactly like the previous one except that no 
additional salt solution was added at the time of inoculation. The 
plants were inoculated on July 19, when about 5 weeks old. They, 
therefore, were younger than those of the first series, but they were fully 
as well developed, owing to the difference in available sunlight. 

RSSUWS OF INOCUI.ATION WITH BIOI.OGIC FORM XXXIII 

The degree of rust infection on the seedlings is given in Tables VIII 
and IX. 


Tabi*H VIII, — The effect of different nutrients on the growth of Haynes Bluestem wheat 
plants in sand cultures started January 2gt and on the development of stem rust 

caused by biologic Form used as inoculum on April I, xg22 ^ 


Series 
No. ' 

! 

Changes in basic nu- 
trient solution. 

Percentage of plants 
infected. 

Severity of 
infection. 

Character of growth. 

101 

■ 

None (control) 

KNO3 added i 

MgHP04 added . . 
K2SO4 added 

None. 


Good. 

102 

103 

104 

8s 

None 

I uredinitim on i 

Medium . . . 

1 Medium . . . 

Excessive tillering. 
Medium. 

Do. 

,105 i 
106 ■ 

NaNOg added — 
CaHPG4 added. . . 

plant. 

70 

None 

1 

...do....... 

Fair; much tillering. 
Medium, 


« These observations were made by Dr, E. C. Stakman and M. N. Xrevine. 
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Tabi^S IX . — The effect of different nutrients in sand cultures started June 14, ig22, on 
the growth of Haynes Bluestem wheat plants and on the development of stem rust 
caused by biologic Form JTXXTII, used as inoculum on July xg,xg22 


Series 

No. 

Changes in basic nutrient solution. 

Percentage 
of plants 
iiifected. 

i 

1 Severity of 

j infection. 

i 

Character of 
growth. 

J 2 I 

None (control) 

60 

1 

1 

Medium . . . 

Good. 

122 

Phosphate increased by adding 

J K2HPO4. 

20 

, . .do 

Medium. 

123 

Nitrate increased by adding KNO3. . 

80 1 

Severe 

Excessive till- 
ering. 

. J24 

Nitrate further increased by adding 
twice as much ICNO3 in 123. 

90 

. . .do. 

Do. 

1 

125 

Nitrate decreased to one-tenth; phos- 
phate increased by adding 
CaHP04. 

Phosphate decreased to one-fifth, us- 
ing CaHP04; nitrate increased by 
adding KNO3. 

0 

i No infec- 
tion. 

Fair; leaves 
' narrow; 
sandy. 

126 

20 

Medium . , . 

Poor. 

127 : 

228 i 

FeS04 increased by adding 15 times 
as much . 

FeS04 omitted; AICI3 added 

50 

(a) 

. . .do. 

Good. 

Very poor; 
plants killed 
! by root-rot- 

1 ting fungi. 

1 


o Not inoculated. 


It will be seen from Table VIII that there was no rust on any plants 
except those grown in sand to which considerable nitrogen had been 
added. A single exception was one uredinium which developed on a 
plant in the potassium sulphate series. Table IX shows that in the sec- 
ond series the rust developed more abundantly on the plants fertilized 
with a large amount of nitrogen. However, in tliis series the rust failed 
to develop only on plants receiving a very poor balance of nitrogen and 
phosphorus. 

The plants in the pots receiving excess nitrate tillered more than those 
in the other pots and developed leaves of a different texture. The lower 
epidermis was removed from a leaf of a plant receiving an excess of 
potassium nitrate and compared with that of a leaf from a plant in soil 
deficient in nitrate. (See PI. 9.) The epidermis from the plants sup- 
plied with abundant nitrogen is smooth, witli few hairs and but little 
bloom, while on plants wiSi a poor balance, or a lack of nitrogen, the 
leaves are rough to the touch, more hairs are present, the bloom can 
readily be seen, and there are fewer stomata. 

The relation of nutrient salts to the type of cell wall and general 
character of the epidermis has been briefly mentioned in the historical 
review. Petermann (40, p. i states that the cell walls ate much 
stronger in wheat plants on a low plane of nutrition, while manures pro- 
duced rusted plants, owing to the fact that the haustoria could penetrate 
more easily. Palladin {38) asserts that cereals grown in soils deficient 
in silicic acid often rust so severely that it is difficult to prevent their 
complete destruction. Russell (^d) states that nitrogenous manures 
produce plants with thin walls, easily attacked by fungous hyphae. 
Conies (9) also maintains that organic fertilizers increase the tenderness 
of the plant and favor fungous attack. 
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Bolley (7), Fairer (15), and Cobb { 8 ) state that wheat varieties with 
stiff, upright growth and narrow leaves are less susceptible to P, triticina 
than are those with broader leaves and less erect habit of growth.. Here, 
again, the germ tubes may have been prevented from entering on account 
of the failure of the stomata to open. The morphological characters 
pointed out by Cobb and others can be produced in any variety when 
it is grown under extreme conditions of soil fertility. 

Harter (20) found that wheat plants grown in soils to which had been 
added from 0.7 to 1.4 per cent sodium chlorid developed a heavy bloom 
on the leaf surface, thickened cuticle, and epidermal cells of reduced size. 
This condition may not have resulted from any physiologic action of the 
salt itself within the plant tissues. These xerophy tic characters, to- 
gether with decreased transpiration, probably are due to the influence 
of the salt on the entrance of other soil nutrients* and, consequently, 
only a very poorly balanced nutrition is available to the plants. 

It appears from Table VIII that excessive nitrogen rendered plants 
more subject to attack by stem rust. After inoculation these plants 
were kept in a saturated atmosphere and consequently the leaves were 
covered with a film of moisture. Iljin (26) concludes from his experi- 
ments on the transpiration of wet leaves that immersion in water in the 
dark has the tendency to cause closure of the stomata. However, if 
potassium nitrate is present in the w^ater, the stomata open. 

Many investigators have shown that under certain conditions the 
amount of nitrate in the leaves of a plant supplied with an excess of 
this salt may be proportionately higher than in normal plants. Whether 
this condition can be associated with the findings of Iljin has not been 
determined. 

Rust appeared only on plants in the nitrate series. It is possible that 
the environmental conditions during the incubation period of the series 
of January 29 were such that the stomata of all the plants except those 
growing in soil with high nitrogen content remained closed. This sup- 
position is supported by the fact that, although the spores germinated 
profusely and abundant appressoria were formed on all plants, no flecks 
appeared on any of the plants which received no nitrogen, indicating 
that the lack of infection more likely was due to failure of germ tubes 
to enter than to any induced protoplasmic resistance. This explanation 
is partly confirmed also by the behavior of the plants in the second series. 
Here all plants became infected except those in series 125, which were 
grown in soil deficient in nitrogen. These plants were maturing early, 
the leaves were narrow, the stems upright, stiff, and provid^ with 
abundant bloom. The leaves, particularly, were rough and dry to the 
touch. 

Morphology op Host as Inplofncfu by Nutrient Satts 

In order to compare the morphology of pla,nts of Haynes Bluestem 
wheat grown under different conditions of nutrition, sections of the 
leaves were cleared and stained with Pianeze stain. Four such sections 
are shown in Plate 2, K, B, M, and N. Here, L and N show typical 
sections of a leaf from a plant grown in abundant nitrogen, not balanced 
by other nutrients. The epidermis is composed of very large, thin- 
walled, noncutinized cells. There is very little sclerenchyma, and the 
fibers do not extend from one leaf surface to the other. The intercellular 
spaces are very large, the leaf being porous and succulent. Plate 2, K 
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and shows sections of a leaf from a plant grown in a culture deficient 
in nitrogen but containing an excess of phosphates. The , contrast with 
Plate 2, L, is very marked. The epidermis, particularly on the lower 
surface, is composed of small, highly cutinized, thick-walled cells. Asso- 
ciated with the fibrovascular bundles is a relatively large amount of 
sclerenchyma, which extends from surface to surface. The chlorenchyma 
is compact and the intercellular spaces are small. The leaf is compact 
and firm. These sections were made from leaves of the same age, of the 
same wheat variety, and grown under the same conditions, the difference 
being only in the nutrient salts which the plants received. 

Kraus and Kraybill (2S) have shown that feebly vegetative tomato 
plants, grown in soil with a small amount of nitrogen, contain practically 
no nitrate nitrogen and but little total nitrogen. In these plants the dry 
matter and free reducing substance are comparatively high. The bast 
fibers and xylem tissues are greatly increased. On the other hand, 
plants growing under favorable vegetative conditions have higher total 
nitrogen and nitrate nitrogen and lower free reducing substance and dry 
matter. The bast and xylem tissues are comparatively greatly reduced. 

Such studies suggest lie possible function of potassium and sodium 
nitrate in the physiology of the plant. These salts appear to be concerned 
chiefly with carbohydrate utilization. If carbohydrates are not normally 
utilized there would tend to be an increase in the production of cell wall, 
crude fiber, and pentosans. The deficiency of nitrogen in the plants 
reported in these studies appears to result in thickened cell walls, as 
shown in Plate i, D, and in an increase of fibers, as shown in Plate 2, 
L and M. 

Plate 2, J, illustrates the typical restriction of rust development by the 
morphology of a wheat leaf. The sclerenchyma cells extend from the 
upper epidermis to the lower epidermis and permit the development of 
mycelium in only the longitudinal direction. Plowright (41) states that 
there is a tendency for the mycelium at the base of uredinia to spread in 
a centrifugal manner, but that many causes operate to prevent this, the 
chief being the lack of uniformity in the tissues of the host plant; and in 
a leaf wiSi strongly marked venation this tends to exert a directive 
influence upon its extension. Eriksson and Henning (12, pL xo,fig. ixo) 
show a uredinium of P. dispersa on the seedling leaf of Bromus sp., and 
call attention to the concentric nature of the secondary uredinia, showing 
that the mycelium has spread in all directions from the original point of 
infection. The same condition occurs also in the wheat seedling infected 
with P. graminis. However, as figure 1 12 of the same plate shows, there 
is no such secondary infection on the older leaves. The sclerenchyma in 
the seedling leaf does not extend from epidermis to epidermis and, conse- 
quently, does not restrict the growth of the mycelium but permits it to 
grow in all directions. In the older leaves so many bundles of fibers have 
developed that the growth of the mycelium is restricted to the areas 
between the fibrovascular bundles. 

Referring again to Plate 2, K, L, M, and N, it is possible to understand 
the influence of a nitrogenous fertilizer in increasing the size of the ure- 
denia on the host plant. If the succulent leaf, Plate 2, X, becomes in- 
fected, the growth of the fungus Would probably be rapid and extensive 
because there are no sclerenchyma fibers between the bundles and the 
epidermis to prevent its growth. The uredinia therefore would be large. 
But the growHi of the distributive hyphae in such a leaf as that shown in 
Plate 2, K, would be restricted by the sclerenchyma fibers. Small 
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uredinia would be produced, because each one would be restricted to a 
single collencliyma bundle. There is likely to be relatively little scle- 
renchyma in leaves of plants which have been fertilized with an unbal-. 
anced excess of nitrogen ; and the uredinia which develop on them there- 
fore may be larger than those on plants which have been fertilized nor- 
mally. While the actual protoplasmic resistance of the plants may not 
have been changed, there may be a greater total area of tissues in which 
the rust mycelium can grow. 

Furthermore, heavy nitrogenous fertilization promotes rank growth 
and dense stands of wheat. Moisture, therefore, is retained and the 
opportunities for spore germination are increased. An excess of nitro- 
gen also seems to increase the transpiration of the plants, causing the 
stomata to open and tlius facilitate the entrance of the germ tubes. 

The balance of nutrients seems to be much more important than the 
total amount. The results of field experiments on the effect of fertilizers 
on rust development are therefore significant only if the soil type is 
definitely known. 

THB RE^IvATlON OF PHYSICOCHEMICAL PROPERTIES OF THE PLANT SAP TO 

rust resistance 

As some varieties of wheat are completely susceptible to certain 
biologic forms of P. graminis tritici and are immune from others, it is 
obvious that the sole basis of resistance can not be morphological char- 
acters. It is a well established fact, for instance, that Kanred is com- 
pletely susceptible to some biologic forms and it is so highly resistant to 
others that not even flecks are developed on plants inoculated artificially. 
It is known, also, that the mycelium of the biologic forms to which Kanred 
is resistant can not develop extensively within the tissues. Therefore, 
there is a real protoplasmic or physiologic resistance. The exact nature 
of this resistance has never been determined. Hurd (24) studied the 
possible relation of hydrogen-ion concentration of wheat varieties to 
their resistance to rust and other pathogenic fungi, and concluded that 
hydrogen-ion concentration probably had little effect on resistance. 
In fact, the concentration varied more in the same variety grown under 
different conditions than it did in different varieties. 

The osmotic concentration of the sap of a host plant probably exerts 
considerable influence on the ability of the rust fungus to absorb nutri- 
ment from it. The total solids indicate the amount of moisture in the 
plant tissues and therefore to a certain extent are correlated with the 
succulence of the plant. It is possible, therefore, that differences in total 
solids might affect the development of rust. The importance of avail- 
able carbohydrates in the nutrition of rust fungi has been shown clearly 
by Mains (jj). Henning (22) and Kirchner (27) were of the opinion 
that the content of reducing sugars was lower in rust-susceptible than in 
resistant varieties. Eckerson (i x) has shown that the carbon substances 
vary in relative amount in tlie plant sap at different stages of develop- 
ment of the wheat plant. 

The writer made attempts to ascertain whether there were differences 
in the physicochemical properties of different varieties great enough and 
sufficiently consistent to account for differences in their resistance to 
rust. Particular attention was paid to the determination of the depres- 
sion of the freezing point, total solids, average molecular weight, hydro- 
gen-ion concentration, and sugar content. The following methods were 
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used: Seedlings of the different varieties were frozen in carbon dioxid. 
and pulverized while still frozen. ' The powdered plant tissue was thawed, 
at room temperature and the sap then extracted by pressure. Freez- 
ing-point depression was determined by means of a Beckmann ther- 
mometer. Total solids and • average molecular weight of solutes were-, 
determined by tlie refractometric method described by Gortner and 
Hoffman {i 8 ). A Leeds and Northrup type (K) potentiometer was 
used in securing the hydrogen-ion values. The results of these de- 
terminations are given in Table X. For analysis of sugars present in. 
the sap, seedlings were grovm under continuous light.^ Samples of 25 
gm. each, green weight, were extracted in meth3d alcohol, and total 
and reducing sugars determined by the picric acid method described by 
Rose (45) . Dry weight was determined from separate samples dried at 
65° in vacuum. The rCvSults of sugar determinations are given in Table 
XI. 


Tabl :0 X. — Physicochemical properties of the sap of six wheat varieties 


Wheat variety. 

Ereezing- 
point de- 
pression. 

Refracto- 

metric 

solids. 

Average 
molecular 
weight of 
solutes. 

Ph. 

Relative 

suscepti- 

bility.® 

ICliapli, C. I. 4013 

Mindum, C. I. 5296 

® C. 
0-95 
0.98 

0. 91 

1. 08 
I. 02 
0. 82 

8. 50 

173 

S- 984 

6. 194 
6. 062 

S- 890 
5-973 

5-899 

2. 2* 
41. 2 
40. I 
32. 8 
60. 8 

88.4 

Rota, C. I. 5878 

Kanred, C. I. 5146 

Marquis, C. I. 3641. . ....... 

Little Club, C. I. 4066. 

7 - 55 

5. 40 
7.00 

6. 46 

177 

159 

138 

■155 


a 100= completely susceptible. ^ Unpublished computations of E. C. Stakman and M. N. Eevine <m the 
basis of^ reaction o( wheat varieties to all teown biologic forms of P. graminis irkici. Eittlc Club, while 
susceptible to all biologic forms, does not always produce the most virulent type of infection. 


TabeE XI . — Determination of sugars in sap of six wheat varieties 


Whe:it variety. 

Reducing. 

As sucrose 

Total. 

Percent- 
age of 
green 
weight. 

Percent- 
age of 
dry 

weight. 

I^ercent- 
age of 
green 
weight. 

Percent- 
age of 
dry 

weight. 

Percent- 
age of 
green 
weight. 

Percent- 
age of 
dry 

weight. 

Khapli, C, I. 4013 

0. 6856 

7,4072 

0. 1420 

1. 3176 

0. 8276 

8. 9248 

Mindum, C. I. 5296. ' 

.6857 

7. 3896 

• 2376 

2. 5704 

. 9242 

9. 9600 

Rota, C. I. 5878 ! 

. 7680 

8. 3296 

. 0S09 

0. 53^2 

.8489 

8, 8602 

Kanred, C. I. 5146. . .......... 

-8531 

8, 9392 

. 0000 

0. 0000 

■ 8531 

8. 9392 

Marquis, C. I. 3641 

• 7515 

8. 0992 

. 0000 

0, 0000 

• 7515 

8. 099 

Little Club, C. I. 4066,. 

- 7315 

8. 6544 

. 0000 

0. 0000 

- 7315 

8. 6 s 4 


Table X shows that there are some differences in the physicochemical 
properties of different wheat varieties. There is a smaller percentage of 
solid matter in the sap of Little Club than in that of the other varieties. 
This is indicated both by the freezing-point determination and refracto- 
metric methods. There appears to be no correlation, however, between 

^ The plants were grown in one of the constant-light, rooms described by Harvey (ai) . 
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the amoiint of solids in the sap and rust resistance. The hydrogen-ion 
concentrations of the different varieties differed but little, an observation 
agreeing with that of Hurd {24). The data presented in Table, X show 
that there is no consistent correlation of any of the sap properties of 
different varieties and their relative degree of resistance to biologic 
forms of Puccinia graminis tritici. 

The data given in Table XI indicate that, under ,the conditions of the 
experiment, varieties show a difference in the amount of both reducing 
sugar and total sugars. No sucrose was present in Little Club, Marquis, 
and Kanred, all of their sugars analyzing as reducing sugar. These 
varieties also contained higher concentrations of reducing sugars than 
did Elhapli and Mindum. In Khapli and Mindum 17 and 25.8 per cent, 
respectively, of the total sugar was sucrose. Khapli is resistant to all 
of the biologic forms described by Stakman and Levine; Mindum is 
resistant to some and susceptible to others. From the data presented 
in Table XI, we are not justified in drawing any definite conclusions as 
to the relation of sugar content to rust development. It can be pointed 
out that wheat varieties do differ considerably in their sugar content and 
that detailed investigations may give significant information both on the 
general nature of the relation of rust development to sugar content of the 
host sap and to the difference in behavior of biologic forms. Such an 
analysis is of little value, however, without a complete analysis of the 
carbon metabolism, changes in plant acids, etc. 

The difficulty in attempting to explain the nature of resistance to 
stem rust on the basis of specific physicochemical properties of the sap 
of a variety is because of the difference in behavior of a particular variety 
to a number of biologic forms of Puccinia graminis tritici. Khapli is 
quite resistant to all of the biologic forms studied by Stakman and Levine 
and it is conceivable, though not proved, that this resistance may be 
due to certain physicochemical properties. 

Little investigation has been made to determine physiological differ- 
ences between biologic forms of P. graminis tritici. The writer previously 
has reported that a distinct physiological difference can be demonstrated 
in biologic forms apart from the differential hosts used in identif3dng 
them. It was shown (25) that urediniospores of two biologic forms 
germinate differently under different conditions of temperature and 
hydrogen-ion concentration. Furthermore, the urediniospores of a 
biologic form which attacks only a few differential hosts could not ger- 
minate well under such a wide range of environmental conditions 
studied as could those of a biologic form which can attack many hosts. 
That is to say, the potentiality or possibility for germ-tube development 
is greater in the biologic form with a wide host range. An organism 
restricted in its activity to a narrow temperature range might possibly 
also have a narrow range of adjustment to other environmental variables. 
In seeking for the significance of this fact in relation to rust resistance, 
however, we must turn to the physiology of the host. 

We know that there are variations in the morphologic and physiologic 
characters of varieties within a species. Vavilov (yd) has concluded 
that these variations may occur as homologous series within related 
taxonomic groups. It is probable, therefore, that there also are physio- 
logic variations. Since resistance is in part physiological in nature, or 
expresses itself as siich, we see that different wheat varieties present to 
a rust organism a |ange of physiologic reaction with which it must com- 
pete successfully if it is able to infect. It would appear, then, that a 



404 Journal of Agricultural Research voi. xxvii, no. 6 


biologic form wHcli has the potential ability to adjust itself to a wide 
range of conditions or reactions^' might be able to maintain itself in a 
greater number of host varieties than would a biologic form with limited 
range of tolerance to certdn physiologic reactions. 

In the same way there may be corresponding differences in the physi- 
ology of biologic forms of P. graminis^ and this may account even for the 
existence of biologic forms. Then it would naturally follow that forms 
differ in ability to adjust themselves to physiologic environment. 

It is reasonable to expect that all biologic phenomena are ultimately 
to be explained on a physicochemical basis. The action of poisons and 
toxins are not exceptions. A conception of biologic forms based on 
physiological studies, as has just been indicated, would be quite in keep- 
ing, therefore, with the accepted ideas of fundamental resistance. 

GENERAIy CONCEUSIONS 

It is obvious that the basis for resistance of wheat varieties to biologic 
forms of P. graminis tritici must be either morphological or physiological. 
For a long time it was supposed that the basis of this resistance might 
be morphological. The work of Ward, however, indicated that external 
morphological characters probably were of minor importance in deter- 
mining resistance or susceptibility of plants to the attack of rust fungi. 
More recently still, however, the work of Allen and others, together with 
extensive field obseiwations, has called attention to the fact that mor- 
phological characters might play some part in determining resistance. 
It has been suggested that the morphology of the plant might affect 
resistance by preventing the entrance of germ tubes. 

It seems reasonable to suppose that certain morphologic characters 
might possibly interfere with the entrance of germ tubes. As the germ 
tubes of the urediniospores always enter the wheat plant through sto- 
mata, it would seem especially reasonable to suppose that the number, 
distribution, size, and location of the stomata might be quite important 
in determining how many germ tubes could enter the plant. Further- 
more, we may assume that the number of hairs on tlie plant surface may 
have some effect on the growth of the germ tub^, as an abundance of 
hairs easily may block the growth of the tubes, ^"Fxtensive observations 
were made on the number of hairs and the number and size of the vStomata 
on susceptible and resistant varieties of wheat. While the number of 
hairs in general, was greater on. the. more resistant varieties than on the 
more susceptible ones, it seemed evident that the number of hairs scarcely 
could be a determining factor in the entrance of the germ tubes. The 
number of,, stomata, as: well as the size of- the stomatal aperture, differs; 
for different varieties. However, some of the most resistant hosts have 
stomata with large apertures, while some very susceptible ones have 
stomata with small apertures. It seems probable tliat the stomatal 
aperture of all varieties is sufficiently large to permit the entrance of 
urediniospore germ tubes. It seems much more likely that the character 
of the stomatal movements, which may differ in different varieties, would 
have more effect upon entrance. The size of the stomatal opening 
sc^cely could account for the resistance of certain varieties .to certain 
biolo^c forms, because some varieties are immune from certain biologic 
forms and completely susceptible to others, , It never has been demon- 
strated that the size of germ tubes, of the different biologic forms differs 
sufficiently to make an explanation of resistance on this basis of entrance 
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seem reasonable. It is quite true that appressoria may be produced 
fairly abundantly on tbe surface of certain plants, witiiout any subse- 
quent development of the germ tubes. The failure of the fungus to 
enter, even after appressoria have been formed, probably must be ex- 
plained on the basis of the absence of the necessary stimulus or possibly 
by the failure of stomata to remain open sufficiently long to enable 
the rust fungus to enter. 

There can be no question whatever but that there is a real physiologic 
or protoplasmic resistance. For instance, Khapli is resistant to all 
biologic forms of P. graminis, tritici, though flecks practically always 
develop after inoculation. Naturally, therefore, the fungus must have 
entered the host tissue. It has been demonstrated beyond doubt that 
the cells of many resistant hosts are hypersensitive to the attacks of the 
fungus (a), (j4), (51). They are killed very quickly after the fungus 
comes in contact with them, and the hyphae of the invading fungus then 
die. 

It has been claimed that the physiology of the host plant can be 
changed rapidly and profoundly enough by altering environmental con- 
ditions to cause great variations in the protoplasmic resistance of the 
host to P, graminis. While this never has been demonstrated, certain 
observed facts seem to substantiate the claim. It frequently has been 
observed that the resistance of a variety apparently may change when 
conditions are altered. It also has been shown that young plants some- 
times are more susceptible than older ones. For instance, Stakman and 
Piemeisel (55) have observed that young plants of Agropyron smiihii can 
be infected easily as a result of artificial inoculations. It is much more 
difficult, however, to infect older plants. It also has been observed that 
certain varieties of wheat, such as Kota and Acme, are susceptible to a 
considerable number of biologic forms in the greenhouse but that they 
seem to be fairly resistant in the fields This fact must be due either to i 
physiologic or morphologic changes in the host. 

V'&tensive studies of the morphology of different varieties of wheat 
were made in order to ascertain whether there were any differences 
sufficiently great to account for the differences in rust resistance. It 
was found ^at the amount of sclerenchymatous tissue in the stem of 
Kota, Acme, and certain other varieties is very large in proportion to the 
amount of the chlorenchymatous collenchyma. As the rust can live 
practically only in the chlorench)nna, and as the only tissue in the stem 
which contains chlorophyll is the collenchyma, it is dear that the amount 
of collench3?ma would determine to a very considerable extent the amount ‘ 
of development which is possible for the rust fungus. In certain resistant 
varieties the sclerenchymatous tissues have developed to such an extent 
as to decrease considerably the amount of space in whidi the rust can 
grow. Sderenchymatous strands extend from the vascular bundles to 
the epidermis and a complete sderenchyma sheath extends around the 
stem just outside the vascular bundles. The collenchyma bundles, 
therefore, are small and completely separated from each other. They 
are surrounded on three sides by thi(±-walled, lignified, sclerenchymatous 
fibers, through which the rust hyphae can not grow and from which they 
can not obtain nourishment. The size of Sie uredinia, therefore, is 
limited by the size of the collench3nna bundles. It is impossible for the 
rust to spread for any distance tangentially or radially. It can spread 
only longitudinally and this probably accounts for the fact that long, 
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narrow ttredinia often are formed on varieties which appear to be generally 
resistant in, the field. \/ 

v/The morphologicarstructure of a stem can be changed by environ- 
mental conditions. It has been shown that the ratio of sclerenchymatous 
tissue to collenchymatous tissue can be reduced by unbalanced nitrogen 
nutrition of the plant. The effect of large amounts of nitrogenous fer- 
tilizers, therefore, especially when their effect is not counterbalanced 
by the addition of other fertilizers, probably is to increase the area in 
which the rust fungus can grow. In this way, fertilizers appear to sensi- 
tize plants to infection. We should not overlook the fact, however, that 
the fundamental protoplasmic resistance of the plant probably has not 
been changed. The individual cells probably are just as susceptible in 
plants fertilized with nitrogen as they are in those which have not been 
so fertilized, but the number of cells in which the rust can develop is 
greater. Conversely, phosphates and potassium fertilizers may cause 
an increase in the amount of sclerenchymatous tissues and thus limit the 
area in which the rust mycelium can grow, 

V' It is quite likely also that the reason why seedlings sometimes seem to 
be more susceptible than older plants is that the morphology of the seed- 
lings is somewhat different from that of the older plants. It has been 
observed frequently that varieties which are susceptible in the seed- 
ling stage behave in a peculiar manner in the field. Either very few 
uredinia are produced on the plants in the field or they remain small. 
The explanation for this fact probably is that the amount of sclerenchyma- 
tous tissue in proportion to the olier tissues is greater in the stems of 
older plants than in the leaves of seedlings. While the basic resistance, 
therefore, of the plant is not different from what it was when the plant 
was young, still the area in whidi the rust can develop is limited me^an- 
ically. y 

No satisfactory explanation ever has been given for the basic or pro- 
toplasmic resistance of wheat varieties. It seems quite obvious that 
this must be due to physicochemical relations between the host and the 
pathogene. As the pathogene can not be grown in artificial culture 
media, a study of the problem is somewhat difficult. The most promis- 
ing method of attack would seem to be to ascertain whether there are 
consistent differences in the physicochemical properties of different va- 
rieties. Determinations therefore were made of hydrogen-ion concen- 
tration, sugar content, etc. None of the observed differences seemed to 
be consistent or great enough to account for the differences in resistance. 
While it may be significant that the sugar concentrations in different 
varieties varied somewhat, too much importance should not be attached 
to these results. A study also was made of the reaction of spores of 
different biologic forms to certain physicochemical factors. It was found 
that the spore germination of two biologic forms was affected differently 
by hydrogen-ion concentration and by temperature. The form with the 
widest host range was able to withstand a wider range of variation than 
was the form with the narrower host range. This fact probably is of 
some significance, but just how much it is impossible to say. 

While the question of the fundamental nature of resistance of wheat 
varieties to F. graminis was not completely solved, it at least has been 
shown that many of the rather puzzling and conflicting observations on 
apparent change of resistance can be explained easily on the basis of 
morphologic dianges which occur within the host. It should be kept 
clearly in mind, however, that this is not a change in the fundamental 
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resistanee but only a change in the opportunities of the rust to develop, 
due to a spatial limitation of the growfli of the organism. 

SUMMARY 

1. In addition to fundamental protoplasmic resistance, wheat varie- 
ties may possess other means of defense against Puccinia graminis. 

2. The number of leaf hairs and the size and number 5 f the stomata 
can not be considered important in influencing the entrance of the germ 
tubes. When there is only a small amount of inoculum, the large num- 
ber of hairs on some varieties may prevent some of the germ tubes from 
reaching the stomata and growing through the stomatal slits. 

3. Stomatal movements may have some influence on the entrance of 
germ tubes. The stomatal movements of different varieties of wheat 
apparently are affected differently by environmental conditions. 

4. The mycelium of P. graminis within the host is limited almost 
entirely to chlorenchymatous tissue. As the only important chloren- 
chymatous tissue of the stem is the collenchyma, the rust mycelium can 
grow only in this tissue. In some varieties of wheat there is such a 
large amount of sclerenchyma that the band of collenchymatous tissue 
is broken up into small bundles. The extent of mycelial development, 
therefore, is limited to these relatively small areas. 

5. The amount of sclerenchyma is not the same in the stems of different 
varieties. In some there is a very large amount and in others relatively 
little. The amount of collenchyma is approximately inversely propor- 
tional to the amount of sclerenAyma. In those varieties, therefore, in 
which there is a large amount of collenchyma, large uredinia are likely 
to be produced, while in those varieties in which Uie collenchyma bun- 
dles are small, the uredinia are likely to be narrowly linear. Varieties 
in which there is a great deal of sclerenchyma are likely to be injured 
less by rust, as there is a mechanical limitation to the spread of the 
mycelium. 

6. The relative proportion of sclerenchyma to collenchyma in a given 
variety may be altered by the use oi fertilizers. 

7. Excessive fertilization with nitrogen has a tendency to decrease 
the amount of sclerenchyma in proportion to the amount of collenchyma. 
For this reason, plants heavily fertilized with nitrogen may be more 
severely injured by rust than those which have not been so fertiHzed. 
^8. The fact that the seedlmgs of some varieties appear to be more 
susceptible to certain biologic forms of P. graminis than are the older 
plants can be explained by differences in morphology between tbe seed- 
lings and the mature plants. There is a greater amount of scleren- 
chyma in the mature plants than in the seedlmgs and this constitutes a 
mechanical restriction on the growth of the mycelium. 

9. There are differences in the physicochemiGal properties of the sap 
of different wheat varieties. It has been impossible, howev^^^ to make 
a definite correlation between these properties and rust resistance. 

10. The differences in the reaction of wheat varieties to different bi- 
ologic forms of P. graminis tritici appear to be due entirely to physi- 
.ologic causes. ''V 
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PLATO I 

A. — Strip from epidermis of stem of Little Club wheat, C. I. 4066, showing relative 
number of stomata per unit area. 

B. ~*Strip from epidermis of stem of Marquis wheat, C, I. 3641, showing relative 
number of stomata per unit area. 

C. — Strip from epidermis of stem of Kota wheat, C. L 5878, showing relative number 
of stomata per unit area. All X 75. 

L.— •Typical epidermis from plant of Haynes Bluestem wheat grown in nitrogen- 
deficient culture. 

E. — Typical epi4ermis from plant of tlie same variety grown in culture supplied 
with excess nitrogen. 

F. — Portions of heads and peduncles of Kota wheat, C. I. 5878, showing solitary 
linear uredinia on peduncle. 

O,— -Heads and peduncles of little Club wheat, C. I. 4066, showing confluent, 
oblong uredinia. 

(412) 
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PI.ATE 2 


A. — Section of wHeat stem showing a moderate amount of sclerenchyma fiber 
development. The tissues are as follows; (a) Epidermis, (&) oollenGhyma, (c) scle- 
renchyma fibers (X120), (d) thin-walled parenchyma, (e) fibrovascular bundles. 

B. -Section of wheat stem showing a relatively small amount of sclerenchyma 
development in proportion to collenchyma. The tissues are lettered as in A. 

C. — Cross section of upper part of peduncle of Kota wheat, C. 1 . 5878. The collen- 

chyma (c) is restricted to small unit areas separated by the sclerenchymatous fibers 
(s), X60. 

D. — Cross section of upper part of peduncle of Tittle Club wheat, C. I. 4066. The 
collenchyma (c) is almost continous. X60. 

E. — ^A similar section from the pedimcle of Marquis wheat, C. I. 3641, showing a 
moderate amount of sclerenchymatous tissue (s) in proportion to the collenchyma (c). 
X60, 

F. — Cross section of peduncle of Sonem emmer, C. I. 4402 . There is a large amount 

of sclerenchymatous tissue (^) in proportion to the collenchyma (c). X60. 

G. — ^Transverse section of peduncle of Kota wheat, C. I. 5878, inf ected with Puccinia 

graminis. Note the small uredinium confined to a single collenchyma bundle. 
Lateral spread of rust is impossible because of the strands of sclerenchymatous tissue. 
X 4 S- ■ ' ^ ' • 

H. — Similar section of peduncle of Little Club wheat, C. I. 4066. Note the very 
large uredinium which probably has resulted from the confluence of several smaller 
ones. Lateral spread of infection is not restricted by sclerenchyma. X4S . 

I. — ^Transverse section of the upper pedimcle of Acme wheat, C. I. 5284, showing 
an almost continous band of sclerenchyma just under the epidermis. X200. 

J .—Transverse section of a portion of a typical mature leaf of Haynes Bluestem wheat 
showing restriction of rust myceliuih to the chlorenchyma between two fibrovasculajr 
bundles. Xys- 

K. — A similar leaf section from a plant of Haynes Bluestem grown in nitrogen- 
deficient soil. X60. 

L. — ^Transverse section of a leaf of Haynes Bluestem plant grown in soil containing 
excess nitrogen. Xdo. 

M. — Transverse section through the midrib of a leaf of a Haynes Bluestem plant 
grown in nitrogen-deficient soil. X45. 

N. — ^A similar section through the midrib of a leaf of a Haynes Bluestem plant 
grown in soil containing excess nitrogen. X45. 




THE FUNCTION OF GRIT IN THE GIEEARD OF 
THE FOWL' 


By B. F. Kaupp 

Poultry Imjestigator and Pathologist, North Carolina Agricultural Experiment Station 

introduction 

As a preliminary step in the study of the nutrition of fowls, it is neces- 
sary to determine the function of grit in the gizzard and the length of 
time that it will remain there and serve a useful purpose. A review of 
the literature of the subject discloses no record of experiments made to 
discover these facts. 

THE PROBLEM 

It is a matter of common kAowledge that, since the fowl has no teeth 
with which to grind its food, the muscular walls of the gizzard contract 
upon its contents and reduce the food to fineness. The object of this 
investigation was to discover how long such grit is useful in the gizzard, 
how often it must be replenished, whether a hen constantly consumes 
more grit than she requires, and if so, whether the surplus is kept in the 
gizzard. 

EXPERIMENTAL METHODS 

Barred Plymouth Rock hens 2 or 3 years old w’^ere used in the experi- 
ment. They were kept in coops 18 inches square. The coops were 
provided with i-inch mesh wire bottoms so that the excreta would pass 
through to a second floor as soon as voided. A possible reconsumption 
of any grit passed in the excreta was thus prevented. Hens were killed 
at diferent periods and the gizzard content examined for the grit which 
still remained. 

Analyses of the intake and outgo of the feed and the weight of the 
birds were made to determine whether or not the grit content of the 
gizzard was sufficient for the normal physiological processes of that 
organ. 

The feed for 365 days, the duration of the test, consisted of the regular 
scratch feed and dry mash used at the Station plant. The following 
tabulation offers a comparative study of the amount of grit contained in 
the gizzards of hens killed at different intervals of time. This information 
is differently presented in Plate I. 
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Table I . — Grit remaining in the gizzards of fowls at the end of different periods 


Hen No. 

Number of days 
without grit. 

Weight of hen 
at beginiiitig of 
experiment. 

Weight of hen 
when killed. 

Weight of grit 
in gizzard. 

Remarks. 

I . . . 

14 

pounds. 

5.2 

Pounds. 

5-4 

Om. 

9. 5012 

' 

Killed. 

2 

14 

6.4 

6. 3 

13. 1136 

Do. 


21 

4 * 5 

4.8 

S. 3126 

Do. 

4 

21 

5-3 

5 -S 

16. 9326 

Do. 

s 

28 

4.6 

4.9 

II. 8763 

Do. 

6 

28 

7,0 

7-3 

22. 6531 

Do. 

7 

36 

4 * ^ 

5-7 

16. 4389 

Do. 

8.... 

3^ 

2.7 

4.0 

S- 0378 

Do. 

9 . • 

42 

7-0 

4. 2 

8 . 4531 

Died of sarcoma. 

10 

79 

4.6 

4.7 

6. 3700 

Killed. 

II 

93 

3-6 

3*2 

II. 6341 

Do. 

12 

120 

3*8 

6.2 

4. 9643 

Do. 

13 ■ 

124 

5*8 

6. I I 

5. 6321 

Do. 

14 i 

133 

5-6 

4-9 

4. 5632 

Killed by mites. 

15 

134 

7.0 

5*8 

4. 7532 

Killed. 

16 

144 

5-7 

5-7 

9. 5920 

Killed by mites. 

17 

153 

7.1 

5*6 

6. 5120 

Do. 

18 

154 

6.5 

5*5 

5 - 9633 

Killed. 

19 

1 156 

6.8 

5*8 

14. 0326 

Killed by mites. 

20 

1 170 

! 248 

6. 2 

(?) . 

6. I 

9. 8670 
2. 5200 

Died.'^ 

21 

Killed. 

22 

270 

<5.3 

6.6 

5. 0000 

Do. 

33 . 

300 

5-7 

5*9 

3 - 9525 

Do. 

24 

330 

5- 1 

6. I 

I- 9530 

Do. 

2$ 

36s 

6. 2 

S«2 

2. 5610 

Do. 

26 . , . . 

39 S 

6.7 

7 * I 

s. 8915 

Do. 


«sTh.is was a cockerel affected with, partial paralysis from which it never entirely recovered. It was 
sent to the laboratory when it weighed about 2 pounds^ and remained in the coop until it died, 170 days 
later. 


DISCUSSION 

The feed records show that the appetite of the birds having no ex- 
ercise kept up fairly well. 

From the experiments herein recorded it is apparent that a bird may 
p 365 days without grit being fed to it and still have enough remain- 
ing in its gizzard to grind its food. The grit that remained in the giz- 
zard fpr 365 days appeared just as sharp as that found at the begin- 
ning of the experiment. In fact, the writer does not believe that the 
grinding in the gizzard of the fowl is a sharp-cutting process. Rather 
it appears that the food soaks more or less in the crop, depending on 
the length of time it remains there. It then passes from the crop 
through the second portion of the esophagus to the proventriculus, where 
it lies in an add secretion. From the proventriculus it passes into the 
^zzard and there the muscles of the walls contract, forcing the soaked 
grain among the particles of grit and by a squeezing rotary motion re- 
duces it to fineness. The action is like that of a ball mill. Birds hold 
their weight and remain perfectly healthy on either shaip pr dull grit. 

There is a tendency on the part of fowls to eat more grit than is es- 
sential for grinding their food. In another series of experiments the 
writer has found that the amount of mineral given off for the first 
twelve days was much greater than that taken in. Furt^ experiments 
showed that this was due to the grit passed off from the gizzard. While 
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there is a tendency to pass off the excess grit and to keep a residual 
amount, the amount retained varies greatly in different individuals. 

At the end of 365 days the gizzard of one hen contained 5. 89 gm. of 
grit — as much as was found in a hen killed for examination on the 
thirty-sixth day of the experiment, A hen that died on the one hun- 
■dred and fifty-sixth day had 14.03 gm. of grit, or more than that con- 
tained in three of the four gizzards of those killed on the fourteenth 
and twenty-first days, respectively. The healthy condition of the birds 
which were kept until the end of the experiment indicates that a fowl 
may go longer than a year without replenishing its grit. 



PLATE I 

The amoimt of grit recovered from the gizzards of the fowls at the end of the experi- 
mental periods: 

1. — Hen killed 14th day; weight of gizzard, 13 gm.; weight of grit, 9*50 gm. 

2. — ^Hen killed 14th day; weight of gizzard, 21 gm.; weight of grit, r3.11 gm. 

3. — Hen killed 21st day; weight of gizzard, 12.01 gm,; weight of grit, 8.31 gm. 

4. — Hen killed 21st day; weight of gizzard, 19.03 gm.; weight of grit, 16.93 gm. 

5. — Hen killed 28th day; weight of gizzard, 13.46 gm.; weightof grit, 11.87 g®* 

6. —Hen killed 28th day; weightof gizzard, 28.19 gm.; weight of grit, 22.65 gm. 

7. — Hen killed 36th day; weightof gizzard, 19 gm.; weightof grit, 16.43 gm. 

8. — Hen killed 36th day; weightof gizzard, 7.10 gra.; weight of grit, 5.03 gm. 

9. — Hen killed 42 d day; weight of gizzard, 14.13 gm.; weight of grit, 8.46 gm. 

10. — Hen killed 79th day; weight 8f gizzard 20.76 gm.; weight of grit, 6.37 gm. 

11. -— Hen killed 93d day; weightof gizzard, 15.43 gm.; weight of grit, 11.63 gm. 

12. — Hen killed 120th day; weightof gizzard, 9.63 gm.; weightof grit, 4.96 gm. 

13. — Hen killed 124th day; weightof gizzard, 14.13 gm.; weight of grit, 5.63 gm. 

14. — Hen killed 133d day; weight of gizzard, 7.45 gm.; weight of grit, 4,56 gm, 

15. — Hen killed 143d day; weight of gizzard, 9.86 gm.; weight of grit, 4.75 gm, 

16. — Hen killed 144th day; weightof gizzard, 13.23 gm.; weightof grit, 9.59 gm. 

17. — Hen killed 153d da)^; weight of gizzard, 11.96 gm.; weight of grit, 6.51 gm. 

18. — ^Hen killed 154111 day; weight of gizzard, 11.76 gm.; weight of grit, 5,96 gm. 

19. — Hen killed 156th day; weightof gizzard 17.36 gm.; weightof grit, 14.03 gm. 

20. — Hen killed 170th day; weightof gizzard, 14.93 weightof grit, 9.86 gm. 

21. — Hen killed 248th day; weightof gizzard, 4.51 gm.; weight of grit, 2.52 gm. 

22. — Hen killed 270th day; weight of gizzard, 10.46 gm.; weight of grit, 5 gm. 

23. — Hen killed 300th day; weight of gizzard, 10.09 gm.; weight of grit, 3.95 gm. 

24. — Hen killed 330th day; weight of gizzard, 6.53 gm.; weight of grit, 1.93 gm. 

25. — Hen killed 365th day; weightof gizzard, 7.10 gm,; weightof grit, 2.56 gm. 

26. — Hen killed 365th day; weightof gizzard, 9,97 gm.; weightof grit, 5.89 gm. 
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THE ASSOCIATION OF MANGANESE WITH VITAMINS ‘ 

By J. S. McHargto 

Research Chemist, Department of Chemistry , Kentucky Agricultural Experim-ent Station 

In a former paper (7)^ data were presented to show that manganese is 
an essential ' element in the ^owth- and normal development of auto- 
trophic plants and functions in the synthesis of chlorophyll. The pur- 
pose of this paper is to present data which further confirm previous con- 
clusions as to the essential character of manganese as a vital factor in 
life processes, to suggest a new theory concerning the nature of the 
vitamin factors, and to present data in support of that theory. 

The observations of Takaki and the experiments of Eijkman, as quoted 
by Sherman and Smith (it, p, show conclusively that the pericarp 
and germ of rice and barley ^ains contain a vital factor which prevents 
the development of beriberi in animals when the brown unpolished 
grains are consumed in the diet. 

As early as 1854 Tiebig (4) called attention to the fact that in the 
modern process of milling wheat the resulting flour contains less nutritive 
walue than flour made from the whole grain. He states that “ No single 
foodstuff loses its value so readily as whole grain through the modern 
process of milling. The whiter the flour the less nutritive value it 
possesses.” These statements have been confirmed in many ways since 
the time of Liebig, and it is apparent that the pericarp and germ of 
wheat, barley, and rice each contains some unidentified vital factor 
which is necessary for the normal metabolic processes and physiological 
well-being in animal life. 

Physiologists and biochemists everywhere are strenuously endeavoring 
to ascertain the function of each of the known chemical constituents of 
food. Since manganese is a known constituent of foods, the question 
arises as to whether or not this element has important functions in the 
metabolic processes of animal life which have been overlooked in previous 
investigations. 

In 1914 the writer (5) published a paper in the Journal of the American 
Chemical Society, entitled “The Occurrence and Significance of Manga- 
nese in the Seed Coat of Various Seeds.” In this paper it was shown 
that the pericarp of wheat and of a considerable number of other seeds 
contains much more manganese than the starchy and glutinous portions 
of the endosperm. It was suggested at the conclusion of the article 
that probably the manganese contained in the pericarp of different 
seeds performs an important function in the growth of plants. While 
this suggestion was somewhat prophetic at the time, the author has since 
obtained conclusive evidence that manganese does play the part of an 
essential element in plant growth. This fact is evidenced in data previ- 
ously published ( 6 j 7) and is further confirmed by the accompanying 
photograph of tomato plants (PI. i), the fruit of which is assumed to 
contain an important vitamin factor. 


* Accepted for piiblicatioa Nov. 19. 1913. ContributioM frcxm the laboratory of Chemical Research of 
th^ Kentucky Agricultural Experiment Station, Eubli^od with permission of the Director. 

* Reference is made by number (italic) to *miterattite cited/* ip. 424. 
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Experiments conducted with many additional species of plants estab- 
lish the fact that manganese is an essential element for the metabolic 
processes and the normal growth of autotrophic plants. When manga- 
nese becomes a limiting factor in the ^owth of plants, one of the first 
effects to be, noted is a chlorotic condition of the young leaves and buds 
as they unfold— a fact which shows that this element has a function in 
the vital processes and is necessary for' the synthesis of chlorophyll.. 
The green leaves of plants are known to be an important source of vita- 
mins, whereas blanched or chlorotic leaves are poor in vital factors; it 
has been shown also that green leaves contain more manganese than 
any other part of the plant, thus indicating that an interrelationship 
exists between chlorophyll, vitamins, and manganese. 

manganese in the pericarp of seeds 

Since it has been demonstrated that the vitamin in whole grain of 
wheat, barley, and rice is contained in the pericarp and the germ, an, 
examination of these cereals was made to determine the amount of 
manganese in the different parts of each and to show what proportion 
is removed in the modern processes of milling. Accordingly, samples of 
rice bran, rice polishings, unpolished rice grains, and polished white 
rice grains were analyzed for manganese. The results obtained, in 
parts per million of the air-dry material, are as follows: 


Material: Manganese 

Rice bran. 350 

Rice polishings. 100 

Unpolished rice grains. ........... 25 

Polished rice grains 10 


Prom these results it is apparent that rice bran contains the largest 
quantity of manganese and the polishings contain the next largest, which 
is less than one-&ird of the amount found in the bran. The unpolished 
rice grains contain only one-fourteenth as much manganese as the bran 
and one-fourth as much as the polishings but two and one-half times as 
much as that found in the polished white rice. It is therefore apparent 
that in the process of polishing rice the greater part of the manganese 
is removed from the grain. It is logical to assume that the manganese 
contained in the pericarp and germ, and removed in the polishing, is 
in a different and perhaps more active combination than that contained 
in the more starchy and glutinous part of the endosperm. This assump- 
tion finds support in the i-esults obtained by Eijkman {iirp- a-^id 
others who have found that the addition of the pericarp of the rice 
grain or even the bran to polished white rice prevents the development 
of beriberi in experiinents with amn^ 

It has been shown by many investigators that the vitamin contained 
in rice bran and polishings is soluble in water, but less so in 95 per cent 
alcohol. The writer has examined the aqueous and alcoholic extracts 
fmm rice bran and polishings and has found that a considerable propor- 
tion (80 parts per million) of the manganese in each of these materials 
is soluble. The amount removed by alcohol depends upon the percent- 
age of water contained in the alcohol, V^y small amounts of manganese 
are soluble in 95 per cent alcohoh and the amount dissolved increases as 
the percptage of water in the alcohol increases, a fact in harmony with 
the fin(Hngs that the aqueous and alcoholic extracts of rice bran and 
rice polishings contain the so-called vitamins. 
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BARI^EY 

The pericarp of the barley grain is slightly less pronounced than is 
that of unpolished rice; however,, upon close observation, its presence 
can be detected. Five gm. of barley grains were pearled by hand to 
remove the pericarp^ and germ. Manganese was determined in the un- 
pearled and in the pearled grains. The unpearled grains contained 20 
parts per million of manganese and the pearled grains contained less 
than I part per inillion, thus showing that practically all of the man- 
ganese is contained in the pericarp and germ of the barley grain. 

wheat 

From the standpoint of the color of the pericarp, wheats may be 
divided into two general classes, red and white. Red wheats, as the 
name suggests, have a red or brown pericarp, while white wheats have a 
light-colored pericarp. Perliminary experiments indicate that a corre- 
lation exists between the color of wheats and the amount of manganese 
which they contain, the red varieties having a larger amount of manga- 
nese than the white. A determination of the manganese contained in 
one sample each of red and white wheat showed that the red variety 
contained 40 parts per million of manganese, and the white 20 parts per 
million. 

It has been reported that patent flour made from red wheat, although 
low in the vitamin factors, contains a greater number than does a similar 
grade of flour made from white wheat. It is also common knowledge 
Slat red winter and spring wheats contain a larger percentage of gluten 
than the white varieties, a fact which prompts the suggestion that 
manganese may be responsible for this condition. 

Samples of whole- wheat grains, wheat bran, and high-^ade patent wheat 
flour were obtained and the manganese in each determined. The follow- 
ing table represents the amount of manganese in parts per million of 
each of the air-dried materials : 


Materials: Manganese 

Wheat ^ains, 40 

Wheat bran. 175 

Patent flour 10 


It is apparent that the bran or pericarp contains several times as 
much manganese as either whole grain or patent flour when equal quan- 
tities are considered. It is also clear that the patent flour contains very 
little manganese, the greater part having been removed in the bran and 
the germ. The amount of manganese found in patent flour is the same 
as 3 iat found in polished rice. Assuming manganese to be the vitamin 
factor that is removed in the milling process, we should not expect patent 
flour to be a preventive of beriberi — ^an inference which is in accord with 
the facts as found by other investigators in feeding experiments with 
animals. 

From the foregoing results relative to the manganese content of the 
whole grains, pericarps, and the highly milled products of barley, wheat, 
and rice, it is evident that the greater part of the manganese is removed 
in the bran and polishings j it is therefore logical to assume that a 
compound of manganese may be the vital factor removed in the milling 
of these cereals. 
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MANGANESE ASSOCIATED WITH VITAMINS IN ANIMAT TISSUES 

Various investigatioiis concemitig the vitamin content of lean meat 
generally concur in the ■ conclusion that while lean meat contains some 
of all the vitamins it is not nearly so rich in these as are some of the 
glandular organs of the animal body such as the liver, kidneys, spleen, 
and pancreas. The writer has found no suggestions in the literature as 
to why these glandular organs are richer in vitamins than the lean muscu- 
lar meat. Plimmer (9) states that meat consumed in small daily quan- 
tities, from 4 to 8 ounces, may not supply enough of any one factor to 
compensate for an absence of vitamins in the rest of the diet. However, 
meat consumed in very large quantities protects both from beriberi and 
scurvy. Plimmer (9) also states that Krogh visited Greenland to 
study the metabolism of Eskimos and verifiied the report that they 
sometimes eat as much as 15 pounds of meat in less than fourteen hours 
without ill effect. He also says that the chief or only food was boiled 
seal meat, liver, and blubber." The raw liver of seals and the middle 
epidermal layers of certain whales are regarded by the Eskimos as a 
sure protection against scurvy, and their value has been fully confirmed 
by the medical officers of Greenland. It is also stated by Plimmer that 
fat or muscle is not as rich in fat-soluble A factor as the fat around the 
internal organs, e. g., kidney suet. 

Having demonstrated that manganese is necessary for the normal 
metabolic processes in the growth of plants, it is only natural to consider 
the manganese content of the animal body and whether or not this 
element is also necessary for the normal metabolic processes in animal 
life. The Department of Animal Husbandry of the Kentucky Agri- 
cultural Experiment Station furnished the organs used in the analysis 
shown in Table I. 


Table I . — Amount of manganese found in moisture free materials 


Parts. 

Hog. 

Sheep. 

1 ' " 

Steer. 

j 

Brain. j 

Heart.... | 

Te,an meat i 

Fat. ; 1 

1 ■ P.p.m. 

\ (a) 

I. SO 

•SO 
. 00 
s. 00 
12, so 
(&) 

p.p.m. i 
3.00 
■2,30 : 

Trace. 

8. 50 
15. 00 
(*>) . 

p.p.m. 

2. s6 

2 . SO 

.80 

Trace. 

6 . 75 
14.00 
4.09 

Kidney : 

Diver. 

Pancreas 


« Sample insufficient for a determination. & No sample obtained. 


From the results shown in the foregoing table it is evident that theliver 
conta^ about twice as m manganese as any other part of the animal 
examined. The kidneys are the part next richest in manganese, while the 
pancreas, brain, heart, and lean meat follow in order of their manganese 
content. The fat of each of these animals contained nb more dian a 
trace of manganese at the most and the lean meat very little. 

The findings here recorded are considerably greater tlian those re- 
ported by Bertrand (r),who has determined manganese in some of the 
same organs of these and other animals. However, he too finds the largest 
quantities of manganese in the liver and kidneys. These results for man- 
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gaxiese agree very closely with the findings of other investigators in show- 
ing that the liver, kidney, heart, brain, and pancreas are richer in vitamin 
content than other parts of the animal body, thus indicating a close par- 
allelism between vitamin and manganese content in the parts of the 
animals examined. Undoubtedly manganese has a very important func- 
tion to perform in the liver, kidneys, and pancreas. Since twice as much 
manganese was found in the liver as in any other part of the body, it is 
logical to assume tliat this accounts for the fact that the liver is also a rich 
source of vitamins. Several investigators report that they have found 
the liver of different animals a cure or preventive of the common diseases 
resulting from the lack of an adequate supply of vitamins. 

MANGANESE IN THE LIVER OF CODFISH 

Investigators have found that the liver of codfish is rich in fat-soluble 
A vitamin, and many efforts have been made to isolate this vitamin 
from cod-liver oil, but without success. According to Plimmer (9), fat- 
soluble A is synthesized in the green parts of plants, and the white leaves 
of cabbage contain less A factor than the green leaves. Lower plants 
(marine algae) containing chlorophyll synthesize tliis vitamin. The ma- 
rine algae are eaten by small marine animals, which in turn are eaten by 
larger ones, eventually by codfish. The fat-soluble A factor in the cod- 
fish is chiefly concentrated in its liver. 

In view of the fact that manganese was found in greater concentration 
in the livers of the hog, sheep, and cow than in other organs, it is reason- 
able to expect the liver of tlie codfish to contain a larger proportion of 
manganese than any other part of its body. A sample of cod-liver chum, 
the disintegrated cod-liver tissue after the steaming process, and also some 
of the clear supernatant cod-liver oil, were obtained from codfish caught 
near Portland, Me., on May 12, 1923, and each of these materials was ex- 
amined for manganese. The cod-liver chum was dried at 110° C. and 
manganese determined in 100 gm. of the moisture-free material. The 
dry chum contained some oil. Four parts per million of manganese 
were found in the dry chum, from which it is apparent that the liver of the 
codfish does contain a considerable quantity of manganese. Two hun- 
dred grams of the clear, golden-colored cod-liver oil was burned by means 
of a wick in a platinum dish and the residue tested for manganese. 
Only a trace was found. 

Another sample of what was claimed to be a high grade of purified Nor- 
wegian cod-liver oil which, according to the statement on the label was 
rich in fat-soluble A vitamin, was examined in a similar way for manga- 
nese and approximately one- tenth part per million of manganese was 
found. The manufacturer from whom the sample was obtained states 
tliat the potency of cod-liver oil as a source of fat-soluble A varies with the 
source of the oil and the treatment it has undergone in the process of re- 
fining. It is stated that cod-liver oil that has been subjected to super- 
heated steam or has been highly refined by filtration loses its potency as a 
source of fat-soluble A factor. 

Funk (5) states that he has found the crude cod-liver oil to be richer 
in fat-soluble A vitamin than the refined oil. He also states that Zilva 
and Miura (x^), in their experiments witli animals, found the crude 
cod-liver': oil' 'to Iiaye': a fat-soluble'; A 250 times'' "greater than 

butter fat. However, since it has been shown that the liver of the cod- 
fish is the richest source of the fat-soluble A vitamin and that the unre- 

74025—24 7 ', , 
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fined oil is riclier in the fat-soluble factor than the refined oil, we can 
readily account for these facts by assuming that the liver is also richest 
in manganese; the crude oil would contain less manganese than the liver 
but more than the refined oil. In the process of refining the crude oil 
it is filtered through fuller’s earth until the oil which was dark iii color d)e- 
fore filtering is changed to a golden straw color. It is apparent that the 
fuller’s eardi removes by adsorption most of the vitamin factor A, which 
in all probability is a colloidal form of a manganese compound. This 
assumption is further supported by the fact that Seidell (/o) has made 
use of fuller’s earth as a means of separating, by adsorption, some of 
the vitamin factors. However, he has neither shown nor suggested that 
it was a compound of manganese that was being adsorbed by the fuller’s 
earth, 

MANGANESE IN FISH ROE 

One pound of fish roe was purchased at a fish market in Lexington, 
Ky., dried at iio'^ C., and loo gm. of the moisture-free material ashed 
for a manganese determination. Three parts per million of manganese 
was found in the moisture-free roe of the fish. The livers from fresh- 
water fish, newlights, were obtained from the same market, and 3,75 
parts per million of manganese was found in the dry material of the 
fish livers, which is considerably less tlian the amount found in the livers 
of domestic animals. Other investigators state that the flesh of fish is 
poor in vitamins, whereas their roes and livers are rich in these factors, 
a fact in harmony with the findings of the author in regard to man- 
ganese content 

MANGANEvSE IN MILK 

Some investigators state that milk is richest in vitamins at the begin- 
ningof the lactation and that its vitamin potency diminivShes as lactation 
progresses. To determine whether the manganese content changes in 
a similar way, samples were obtained from the first colostrum of a normal 
cow of the station herd, taken before the calf had sucked, and from the 
milk of the same cow a month later. Each sample was analyzed by 
evaporating 1,000 gm. to dryness, ashing and determining manganese in 
the ash. The results are as follows : 

Colostrum, Milk, 

Ai>r. 17, 1921. Mayi7,x933, 


Percentage of ash ^ 1/^54 . o . 7 ,11 

Mn. in the ash, parts per million 20 ' 4 

Mn, in the milk, parts |)er million .2 , 03 


The falling off in manganese content is very marked. If manganese 
is responsible for vitamin potency,, the decline of the latter .should be in 
a similar degree. These findings suggest that manganese is mobilized 
during die time the cow is not producing milk, pi-esumably for the pur- 
pose of supplying an element that has important functions to perform 
during a critical period in the life of the young offspring. 

' MANGANESE IN THE YOLK OF EGGS ■ ■ 

Another source of the fat-soluble A vitamin is the yolk of eggs; the 
white of the egg has proved to be devoid of vitamins. 

One dozen fresh, viable eggs were obtained from the poultry farm of 
the station and hard boiled in distilled water. The eggs were then 
separated into three parts, shell, whites, and yolks. The whites and 
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yolks were dried to a constant weight at i C., ashed, and the manganese 
determined in each.^ The yolks contained 2.72 parts per million of 
manganese in the moisture-free material, and the whites did not contain a 
trace of manganese. This fact illustrates the association of manganese with 
the vitamins and further supports the idea that a compound of manganese 
is perhaps the vital factor in the yolk of the egg from the standpoint of 
foods, and also a necessary factor in the development of the embryo con- 
•tained in the egg. 

MANGANESJS IN TOMATOES 

It has been found that tomatoes are rich in vitamins. Four hundred 
grams of ripe tomatoes were dried to a constant weight at 110° C., ashed, 
and the manganese determined. In the moisture-free material 12.6 
parts of manganese per million were found, corresponding to 0.62 parts 
per million in the tomatoes used. From the standpoint of manganese 
content, ripe tomatoes should have a vitamin potency three times as 
great as that of raw milk, which is in harmony with the results obtained 
with fresh tomato juice, namely, that it has a high potency as a source 
of vitamins. 

MANGANESE IN ORANGES AND LEMONS 

It has been shown that the juice of oranges and lemons contains the 
antiscorbutic vitamin. Cooper (;?) has shown that the peel of oranges 
and lemons also contains the »■ Asoluble vitamin, and Osborne and 
Mendel ( 8 ) have demonstrated che presence of w^ater-soluble B in the 
juice of oranges. 

Oranges and lemons were examined for their manganese content. The 
juice from 6 oranges and 12 lemons was filtered separately through 
cheese cloth and dried to a constant weight at iio"^ C., ashed, and the 
manganese determined. The peelings were also dried at no® C., ashed, 
and the manganese determined. The results obtained for manganese, in 
parts per million of the moisture-free material, are as follows: 


Orange. Leanon. 

Juice 1.41 3-3S 

Peel 3*20 4.12 


From the foregoing results it appears that the lemon contains more 
manganese in its juice and peel than the orange. However, most inves- 
tigators assign equal values to each as a source of the antiscorbutic 
vitamin. The parallelism existing between manganese and vitamins 
occurs in oranges and lemons. 

SUMMARY 

Small amounts of manganese are wndely distributed in nature, and it 
undoubtedly performs important catalytic functions in plant and animal 
metabolism. The author has obtained data which show conclusively 
that manganese is an essential element in plant economy and performs 
an important function, perhaps catalytic, in the synthesis of chlorophyll. 
The pericarp and germ of rice, barley, and wheat contain considerable 
manganese, but the greater part of this element is removed in the pol- 
ishing and milling processes when these cereals are pi'epared as highly 
milled products for food. The value of manganese in the diet has re- 
ceived little consideration heretofore. It is quite logical to assume that 
manganese is in some way connected with the vital factor removed in 
highly milled rice, barley, and wheat. 
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fined oil is riclier in the fat-soluble factor than the refined oil, we can 
readily account for these facts by assuming that the liver is also richest 
in manganese; the crude oil would contain less manganese than the liver 
but more than the refined oil. In the process of refining the crude oil 
it is filtered through fuller’s earth until the oil which was dark in color^ be- 
fore filtering is changed to a golden straw color. ’It is apparent that the 
fuller’s earth removes by adsorption most of the vitamin factor A, which 
in all probability is a colloidal form of a manganese compound. This 
assumption is further supported by the fact that Seidell (ro) has made 
use of fuller’s earth as a means of separating, by adsorption, some of 
the vitamin factors. However, he has neither shown nor suggested that 
it was a compound of manganese that w'as being adsorbed by the fuller’s 
earth. 

MANGANESE IN FISH ROE 

One pound of fish roe was purchased at a fish market in Lexington, 
Ky., dried at iio° C., and loo gm. of the moisture-free material ashed 
for a manganese determination. Three parts per million of manganese 
was found in the moisture-free roe of the fish. The livers from fresh- 
water fish, newlights, were obtained from the same market, and 3.75 
parts per million of manganese was found in the dry material of tlie 
fish livers, which is considerably less than the amount found in the livers 
of domestic animals. Other investigators state that the flesh of fish is 
poor in vitamins, whereas their roes and livers are rich in these factors, 
a fact in harmony with the findings of the author in regard to man- 
ganese content. 

MANGANESE IN MILK 


Some investigators state that milk is richest in vitamins at the begin- 
ning of the lactation and that its vitamin potency diminishes as lactation 
progresses. To determine whether the manganese content changes in 
a similar way, samples were obtained from the first colostrum of a normal 
cow of the station herd, taken before the calf had sucked, and from the 
milk of the same cow a month later. Each sample was analyzed by 
evaporating 1,000 gm. to dryness, ashing and determining manganese in 
tiie ash. , The results are as follows: 

Colostrum, 

Apr. 17, 1923' 

Percentage of ash i . 154 

Mn. in the ash, parts per million 20 

Mn. in the milk, parts per million. .2 


Milk, 

May t7, 1923. 

O.711 

4 

•03 


The falling off in manganese content is very marked. If manganese 
is, responsible for vitamin potency, the decline of the latter should be in 
a similar degree. These findings suggest that manganese is mobilized 
during the time the cow is not producing milk, presumably for the pur- 
pose of . supplying an element that has- important functions to perform 
during a critical period in the life of the young offspring. 

MANGANESE IN THE YOLK OF EGGS 

Mother source of the fat-soluble A vitamin is the yolk of eggs; the 
white of the egg has proved to be devoid of vitamins. 

One dozen fresh, viable eggs were obtained from the poultry farm of 
the station and hard boiled in distilled water. The eggs were then 
separated into three parts, shell,, whites, and yolks. The whites and 
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yolks were dried to a constant weight at 1 10° C., ashed, and the manganese 
determined in each. The yolks contained 2.72 parts per million of 
manganese in the moisttire-free material, and the whites did not contain a 
trace of manganese. This fact illustrates the association of manganese with 
the vitamins and further supports the idea that a compound of manganese 
is perhaps the vital factor in the yolk of the egg from the standpoint of 
foods, and also a necessary factor in the development of the embryo con- 
tained in the egg. 

MANGANESE IN TOMATOES 

It has been found that tomatoes are rich in vitamins. Four hundred 
grams of ripe tomatoes were dried to a constant w^eightat iio*^ C., ashed, 
and the manganese determined. In the moisture-free material 12.6 
parts of manganese per million were found, corresponding to 0.62 parts 
per million in the tomatoes used. From the standpoint of manganese 
content, ripe tomatoes should have a vitamin potency three times as 
great as that of raw milk, which is in harmony vdth the results obtained 
with fresh tomato juice, namely, that it has a high potency as a source 
of vitamins. 

MANGANESE IN ORANGES AND LEMONS 

It has been shown that the juice of oranges and lemons contains the 
antiscorbutic vitamin. Cooper (a) has shown that the peel of oranges 
and lemons also contains the ^ c-soluble vitamin, and Osborne and 
Mendel ( 8 ) have demonstrated die presence of water-soluble B in the 
juice of oranges. 

Oranges and lemons were examined for their manganese content. The 
juice from 6 oranges and 12 lemons was filtered separately through 
cheese cloth and dried to a constant weight at 110° C., ashed, and the 
manganese determined. The peelings were also dried at iio'^ C., ashed, 
and the manganese determined. The results obtained for manganese, in 
parts per million of the moisture-free material, are as follows : 

Orange. nemon. 


Juice 1. 41 3.38 

Peel 3.20 4.12 


From the foregoing results it appears that the lemon contains more 
manganese in its juice and peel than the orange. However, most inves- 
tigators assign equal values to each as a source of the antiscorbutic 
vitamin. The parallelism existing betiveen manganese and vitamins 
occurs in oranges and lemons. 

SUMMARY 

Small amounts of manganese are widely distributed in nature, and it 
undoubtedly performs important catalytic functions in plant and animal 
metabolism. The author has obtained data which show conclusively 
that manganese is an essential element in plant economy and performs 
an important function, perhaps catalytic, in the synthesis of chlorophyll. 
The pericarp and germ of rice, barley, and wheat contain considerable 
manganese, but the greater part of this element is removed in the pol- 
ishing and milling processes when these cereals are prepared as highly 
milled products for food. The value of manganese in the diet has re- 
ceived little consideration heretofore. It is quite logical to assume that 
manganese is in some way connected with the vital factor removed in 
highly milled rice, barley, and wheat. 
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Manganese occurs in largest quantities in the liver, kidney, ^ and pan- 
creas of animals, which leads to the assumption that it has important 
functions to perform in each of these organs. The occurrence of man- 
ganese in those parts of plant and animal tissues with vitamin potency 
suggests the idea that manganese is either directly or indirectly connected 
with the vital factors in these tissues. 

The value of certain compounds of manganese in medicine has long 
been recognized, and especially so in preparations intended as, cures for 
nervousness. Feeding experiments are now in progress to test the hy- 
pothesis that manganese is a vital factor in animal nutrition. 

The fact that manganese is a necessary element in plant growth and 
that it is found in largest quantities in plant and animal tissues which 
contain the greatest vitamin potency, leads the author to assume that 
a relationship exists between this element and the vital factors contained 
in these tissues. 
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PLATE I 


All plants shown in this photograph are of the same age. The difference in size of 
the plants in the two pots is due to the fact that manganese was carefully excluded 
from the mineral nutrients and sand in the pot on the left, whereas a small quantity 
of a manganese salt was added to the sand in the pot on the right. 




Journal of Agricultural Research 


Washington, D, C. 


The Association of Manganese with Vitamins 






JOfflALOFAGRiaiTlALESEARCH 

VoL. XXVII Washington, D. C., February 1 6 , 1924 No. 7 


EXPERIMEiNTS WITH FLAG SMUT OF WHEAT AND THE 
CAUSAL FUNGUS, UROCYSTIS TRITICI KCKE.‘ 

Marion A. Griffiths 

Assistant Pathologist ^ Office of Cereal Investigations, Bureau of Plant Industry, United 
States Department of Agriculture 

INTRODUCTION 

Urocysiis triiici Kcke., the causative organism of flag smut of wheat, 
though long known to be common in Australia and certain Asiatic coun- 
tries, was not observed in the United States until' May, 1919, when it 
was discovered by Dr. J. G. Dickson in a wheat field near Granite City, 
111 . Because of its reported destructiveness to the wheat crops in other 
parts of the world, especially Australia, experiments in varietal resist- 
ance of wheats were begun in the fall of that year at Granite City. This 
line of investigation was considered the most expedient at that time 
because it was known that infestation of soil rather than of seed was the 
post important factor in the annual occurrence of the disease in Aus- 
tralia. From previous experiments in that country, it had been shown 
that seed treatment was ineffective in controlling flag smut in infested 
fields because of infection by viable spores in the soil. Thus, by select- 
ing and sowing varieties which do not become infected in the field, even 
with artificial inoculation, the disease could be controlled. The results 
of these and later field experiments relating to varietal resistance and 
seed treatments have been published recently by Tisdale, Dungan, and 
Leighty (15).® 

The data here presented are based on greenhouse experiments begun 
in the autumn of 1919 at Arlington Experiment Farm, Rosslyn, Va. 
In the first year only preliminary experiments were attempted, such as 
the testing of 25 varieties of wheat for susceptibility to flag smut and 
making a detailed study of the diseased plants. In Uie autumn of 1920 
the number of varieties was increased, . and as^ the work progressed and 
numerous problems presented themselves it was decided to study some 
of 'the physiologic ■ aspects of the, disease during the' following years. 
The varietal resistance studies, 'therefore, cover a period of three years, 
while the other data are based mainly on a year’s investigation conducted, 
at Washington, D. C., and Rosslyn, Va., and a second year’s study con- 
ducted cooperatively with the Missouri"' Botanical Garden, St. Louis,' Mo. 

3 Rec,eived 'for publication. Nov. a3, 19.33. ' 

^ 'The writer is iudebted to Dr. G. M. Reed, formerly pathologist in. charge of cereal smut mvestlgatioos. 
under whose direction the varietal resistance expermente were begun; to Dr. W. H* Tisdale, who.^suc- 
■ceeded Doctor Reed in 1920 and whose aid has been invaluable in the greater part of these investigations; 
and to Dr. B. M. Duggar, of the Missouri Botanical Garden, St. .Louis, Mo., who gave helpful .adviceconcem- 
ing the i92a“23 experiments reported in this paper. 

Most of the seed used in these experiments was obtained from the agronomic division, ol the Office of 
Cereal Investigations, Bureau of Plant Industry, XJ. S. Department of Agriculture, though that qf one or 
two 'varieties was obtained from each of the State agricultural experiment stations at . Knoxville, Tenn.., 
.Urbana, III.., Manhattan, Kans., Davis, Calif., and Pullman, Wash.' , . 

® Reference is made by number (italic) to “Literature cited", p. 448-449. 

Journal 'of 'Agricultural Resaercli, Vol. XXVII,, Mo,*, T 
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DIvSTRIBUTION AND ECONOMIC IMPORTANCE 

To date (1923) flag smut of ¥/heat has been reported as occurring in 
the United States, Austi'alia, Japan, China, India, South Africa, Italy, 
and Spain. In the United States it has been found in Monroe, St. Clair, 
Madison, Jersey, Maeoiipin, Greene, Scott, Hancock, and Logan Coim- 
ties in Illinois; in St. Louis, St. Charles, Warren, Platte, and Buchanan 
Coimties in Missouri; and in Atchison, Leavenworth, Wyandotte, and 
Miami Counties in Kansas. Field surveys to detennine the distribution 
of fiag smut have been made by the State of Illinois and the United 
States Department of Agriculture each summer for the period from 1919 
to 1923. The survey data for each year show that flag smut was found 
more widely distributed than in the previous year. This increase in the 
infested area may be due partly to the natural spread of the disease, 
and partly to the fact that larger areas were surveyed each year, or to 
either cause alone. From the earlier data it appeared that, the disease 
was spreading rapidly, but evidence from the 1922 and 1923 surveys 
indicates that it probably has been present for two to several years even 
in areasneported for the first time to be infested. 

During the five years that flag smut has been known to occur in the 
United States the annual loss due to this disease in the surveyed areas 
probably has been less than 2 per cent. In parts of some fields, however, 
50 per cent of all plants within a given area have been infected. The low;' 
average percentage may be due partly to climatic conditions and partly 
to the fact that most of the time the infested areas have been under 
State quarantine regulations with regard to disinfection of all grain and 
threshing machines, the movement of straw, and the sowing of varieties 
which were found to be fairly resistant to flag smut. 

In the literature from Australia, where flag smut was noted first in 
1868 (9), losses of from 10 to 50 per cent of the wheat crop, due to this 
disease, commonly have been reported. However, according to informa- 
tion given by R. J. Noble, of Sydney, Australia, the average annual loss 
due to flag smut alone is about 3 per cent- In some years it is consider- 
ably higher, while in others it is practically negligible. ' Although flag 
smut has been distributed widely in the- eastern wheat-growing area of 
Australia, it was not known to occur in Western Australia. However^ 
W. M. 'Came, who -is engaged in plant research in Western Australia, in 
a letter to Dr. R. J. Haskell, stated that flag smut was recorded as oc- 
'Curring for the first time in that State in October, 1922, but on one farm, 
only, 

Butler (2, p, 171-175, pg, 56) states that flag smut is confined to the 
Punjab in' India, and' that ‘Ut has not been reported as causing iniicli 
damage*’ in that country. 

: Hori; (5)' states that flag smut haS' been knowm in Japan since 1S95 and 
that. within an area of one-fo.urth acre, in. ■■the, Province of Kai, in 1898, 
100 per cent, of ■ the plants were .'destroyed before flowering time. It. has 
been, reported by Hori (4)^. from Gumma and Yamanshi prefectures, and 
from Higo Province by Yoshino (J7)d ' Flag smut of wheat is not' known 
to occur in Formosa and Korea. Hori (6),^ further states that -tills smut 
is not so well' known to the farmers -as the other grain, smuts, though 
infrequently it causes considerable damage. 


4 original trmsMeA 'hy Dr. V. kanaka, formerly botanical assistant and translator. Office of 

Crop Ppysaotogy and Breeding, Inyestigations, Bureau of Plant Industry. IT'. S. Department of Agriculture. 
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^iiyake (jo) reports the occurrence of flag smut in China and states 
that It is '"very common in Peking and its vicinit}^” 

Putterill (12) reports the occurrence of flag smut in South Africa,, 
and states that it probably has' been present there for a “number of 
years/’ and that “while the total loss up to now may not be considered 
very great in that district [Marico], yet in some wheat fields lately 
visited almost half of the crop was found to be affected,” 

Flag smut of wheat was collected by E. C. vStakman in 1922 at Rieti, 
Italy, and at Zaragossa, Spain. The economic importance in either 
country was not determined. 

SYMPTOMS OF THE DISEASE 

The first indication that a plant in the field is infected with flag smut 
is the appearance , of long grayish-black stripes running parallel with the 
veins on the upper leaves. At this stage diseased plants in the field 
appear to be as vigorous as the health}?- ones. At a later stage the 
leaves and upper part of the culms become twisted and curled. Upon 
close examination of infected plants grown in the greenhouse and field it 
was found that the young upper leaves showed stripes which were white;: 
at their base, becoming whitish gray and finally a lead-gray in color 
toward the apex of the leaf. Later the epidermis of the leaf ruptures 
along these stripes and exposes the spores of the fungus in black sooty 
masses. Plate, i, A, shows some infected leaves with the typical sori., 
An enlarged portion of an infected leaf also is illustrated (PL i, B). 
The stripes, or sori, generally are confined to the leaves, although they 
may occur frequently on the leaf sheaths (PL i, C), occasionally on the 
upper part of the culm, and still more rarely on the lower glumes and 
rachis of the wheat head (PL i, D). Plate 1, C, shows the infection 
occuniiig on the . lower glumes of an underdeveloped head. In many 
cases all the culms of a diseased plant are infected, although an occasional 
plant ill the greenhouse or field may be found with' but one infected culm 
and the others apparently free from the disease and producing welL 
filled heads. 

Ill general, the disease seems to stunt the growth of the culms so that 
no heads are produced. However, in the field in 1922 and 1923 cases 
were noted where' the smutted culms apparently were producing normal 
heads. These, upon examination, were found in many cases to be 
sterile, though occasionally a few seeds in each head matured. McAl- 
pine (9) has noted cases where small amounts of shriveled grain were 
produced from infected culms. In a- few of these individuals producing 
sterile heads it was noticed that the infection' was confined entirely to 
the upper part of the culms, there being no infection of any of the leaves 
of that culm or of the remainder of the plant. ' 

In the greenhouse, plants of some varieties of spring "wheat become 
infected before they begin to tiller. Very suscep'tibie winter varieties 
also become infected before or at about the time they begin to tiller. 
Infection may appear at any time from ■ these young stages' of devel- 
opment until the plants are mature. 

The culms of infected plants grown in the greenhouse, do not tend to 
curl and twist, as commonly ' is the case in the field. ' Iii'fected ' plants 
were not allowed to mature, which fact might account for the difference 
in the, effect on plants grow'n in the greenhouse and on those in. the field. 
It was noticed, however, that in certain varieties, such as Hard Federa- 
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tion, White Federation, and Bobs, of spring* liabit, tlie culms often show 
diis cbaracter wbether inoculated or not. Obviously, tben, this can 
not be regarded as a trustworthy indication of the disease in these par- 
ticular cases. 

During the first year a , detailed record v^as kept for each infected 
plant of the different varieties. Each plant was examirxed separately 
and the nuHiber of well-developed culms determined. In addition, the 
small undeveloped culms v/ere noted. The nodes from which the roots 
developed, or the crown, were regarded as No. i, and the others were 
numbered successively from the base to the apex. The leaves from the 
first node usually were dead and dry at the time the plants were examined. 
This also frequently was true of the leaf at the second node, and some- 
times also of that at the third, depending upon the maturity of the plant. 
However, even in this semidry condition, it was possible to detemiine 
whether or not these lower leaves were ■ infected. These plants had 
reached the heading stage, except in a few varieties where the severity 
of infection necessitated their removal from the greenhouse before that 
time. 

A summary, of the data concerning total culm infection for nine 
varieties in the crop year 1919-20 is given in Table I. 


TabItE I . — Summarised results showing culm infection of wheat plants of different ■uarieties 
infecUd with Urocysiis iritici and grown in the greenhouse at Arlingtofi- Experiment 
Fatm^ Rosslyn^ m r9^9-“20 


Variety. 


Baart 

Bobs 

Co^vra No. 3 

Defiance ■. . . 

Fultz ' 

Hard Federation. 
Harvest Queen. . . 

Do. r. ....... 

Propo. 

White Federation, 



Number of plant-s — 

Per- 

CiiItTis of partially infected 
plants. 




centage 




Source or 



of plants 




C. I. No. 

With one 

With all 
culms 
infected. 

with all 





to all 

culms 

Total 

Number' 

Per cent 


culms 

infected. 

infected. 

number. 

infected- 

infected. 

1697 

16 

0 

0 


43 

38.1 

4990 

40 

24 

'60.0 i 

122 

93 

76.2 

4119 

3^ 

30 

78.9 

$2 

37 

71.2 

Calif. I 

38 

s 

13-2 ,: 

268 

146 

54-5 

3598 1 

18 

1 0 

0 1 

217 

11,4 

52.5 

4733 

37 

29 

78.4 

SI 

37 1 

72.5 

5957 

4,1 i 

28 

68.3 

.E42 

no 1 

77*5 

in. 

3^ 1 

17 

S4'§ 

143 1 

1 16 

81. 1 

1970 

18 

2 

11. 1 

96 1 

31 I 

32-3 

4981 

40 i 

i 

29 

72.5 

45 

'20 1 

64.4 


In variety were all culms infected on- all infected plants, though in 
five varieties over 60 per cent of the plants had all their' culms infected, 
while in^two varieties no infected plant' had all its culms infected. Of 
the partially infected plants — ^namely, those which had both sound and 
infected culms on the same 'plant— the percentage of culms, infected 
ranged from 32.3 per cent to:8i.i per cent. In eight of these varieties 
over 50 per cent of the, culms were infected'. 

In general, every well-developed- culm of an infected, plant ''showed 
infection, ^the, severity, being indicated by the number, .length, a,nd, size' 
of the sori. Rarely a leaf showed no ■ infection, though sort appeared on, 
tile leav^ atove and below. -'As a rule,: , however, any culm ' with the 
second or. third leaf infected would show sori on all other leaves , above. 
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Over 1,600 culms were examined to determine the frequency of the occur- 
rence of sori on the lower leaves of the culms. Sori were found on all 
the leaves on .16.7 per cent of the infected culms; on the second leaf and 
all leaves above on 48.7 per cent of the infected culms; on the third leaf 
and all above on 25.3 per cent; on the fourth and those above on 6.7 
per cent; on the fifth and those above on 2.4 per cent; and on the sixth 
and any above on 0.2 per cent. When infection was noted on the first 
and second leaves there usually was just a trace of the disease, the infec- 
tion increasing in severity from the third leaf on up to the apical leaf. 

The diseased leaves generally were shorter and narrower than the cor- 
responding leaves of healthy culms. The leaves of sound and of infected 
culms from the same infected plants of 12 varieties were measured and^, 
even in these cases, the diseased leaves were consistently shorter and nar- 
rower than the coiTesponding leaves on the sound culms of the same 
plant. 

CAUSAL ORGANISM 

Flag smut of wheat is caused by a fungus, Urocystis tritici Kcke., 
belonging to the family Tilletiaceae Tul. It was reported b}?- McAipine 
(9) as occurring in Australia ■ as early as 1868 and determined by Wolff' 
(16) in 1873 to be U. occulta (Wall.) Rab., the species which occurs on 
rye (Secale cereale). In 1877 Komicke (7), on examining specimens of flag 
smut from Australia, separated it from If. occulta upon morphological 
characters alone and named the new species U. tritici. However, the 
name, was not adopted, and Saccardo (ij, p. 515) gave this name as a 
possible synonym for U. occulta, and Sydow and Butler (14, p. 427), 
McAipine { 8 ), and Hori (5) still reported this fungus as U, occulta, 

McAipine (9) conducted cross-inoculation experiments with Urocystis 
from wheat and rye in 1907 and 1908. He concluded that “ the Flag smut 
of wheat and rye are not mutually infective, and therefore the name given 
to Flag smut of wheat by Koernicke in 1877, who received specimens from 
R. Schomburgk in South Australia, should be retained, viz., Urocystis 
iriticif* 

Urocystis tritici is not known to infect plants of any genus otlier than 
Triticum, , though several genera have been found to be infected with 
other species of Urocystis. In 1.92 1. , plants of red top were received which 
were irfected with Urocystis. During the winter of 1921-22 two lots^ 
of seed of redtop, Pal timo'thy, St. John rye (C: I. 130), and Little Club 
wheat (C. I. 40,66) were inoculated, cne lot with I/, tritici and tlie other 
with {/. occulta. These lots of seed were sown on December i, 1921, in 
the greenhouse ' at Rosslyn, Va. ■ There was ' iiisufiicient spore material 
from the infected redtop plants to inoculate similar lots of seed. U, tritici 
infected all, or 100 per cent, of the wheat plants, -but did not infect any 
of the rye, timothy, or redtop plants. ' U. occulta infected '7. i per cent 
of tlie rye plants, but did not iMect any ' of the mheat, timothy, or redtop' 
plants. . . . 

The spores of flag smut are either solitary or held ■ together in groupS' 
of two to several, and the whole completely invested by a layer of small 
sterile cells (PI. 2, A). Each spore of a spore ball may 'germinate, 
though usually only one or two actually do so (PI. 2-, E, G). How- 
ever,' spore balls ■ with three and even four germinating spores, are f re-' 
quently noted (PL 2, H). ' On 'germination, the spore. 'sends , out a 
promycelium (PL 2, B) with a whorl of one to several sporidia at the 
apex . (PL 2, C, D).' These .sporidia do not become . separated from th'e 
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promycelitim but elongate to form the so-called infection threads (PI. 
2, F a, H d). Frequently not all of the sporidia elongate (Pi 2, F 5 ), 
but eventually appear to lose their protoplasm and become hyaline. 
Fusion of these elongated sporidia and also the production of secondary 
sporidia (PI. 2, I a) were observed in a very few cases, tlioiigh in the great 
majority of instances they merely became elongated. The size and 
length of the promycelia, sporidia, and infection threads varied with the 
conditions of germination. 

SPORE GERMINATION 

The spores of Urocysiis triiici do not germinate readily or consistently 
in eitha* distilled or tap water. With spores from material about a 
montli, old and kept seven days on soil, McAlpine (9) secured limited 
germination in a water culture after 24 hours incubation. Approxi- 
mately 40 per cent of the spores of the previous season germinated after 
being floated on tap water for about four days. 

Various solutions and media were tried under different conditions of 
moisture and temperature by the writer, but though the spores free from 
any leaf tissue would germinate under one set of conditions at one time, 
they would not germinate, under apparently similar conditions at another. 
Thus many negative results were obtained. It may be of interest to 
note those conditions under which fairly high percentages of germina- 
tion were secured. In 1920 a method was found which since then has 
■given fairly high and uniform results. In these studies spore-laden 
leaves were powdered and used as a fine dust-like mixture instead of 
using spores free from leaf tissue. This material was floated on dis- 
tilled water in a Syracuse watch glass and placed at 18° to 20*^ C. Some 
spores , germinated' at the end of two and three days, although the best 
germination usually was had on the fourtli day. The germination, once 
started, proceeded very rapidly, and the elongated sporidia, or infection 
threads, were quite numerous on the fifth day. ♦ 

Good germination was secured many times in ,1921 in tap-water cul- 
tures after two to five days incubation. The spores free from leaf tissue, 
however, did not germinate readily in distilled water, ;tliough a few spores 
sometimes germinated after four or five days. The optimum tempera- 
ture for germination was to 20° C., though germination at 25° was 
recorded in one culture and in certain others at 12° to 13®. Satisfactory 
germination was obtained at 10° after seven to eight days when spores 
mixed with pulverized leaf tissue were used. Howwer, in . infection 
experiments herein described no infection was obtained at 25^^, though it 
did occur .at 6° to 12T 

In December, 1921, fairly good germination took place after' three to 
'four days in juice expressed from wheat seedlings and' diluted. In some 
instances germinating seeds were found to stimulate spore germination. 
In October, 1921, spores which had been dusted on seeds which were 
■placed, on soil in a Petri dish' in the laboratory , germinated freely after 
two days, while spores from the same .source dusted on soil and, on the 
surface of both tap water and ,a soil .solution, did not germinate after 
four days of incubation. , . 

During the course ,of ' these experiments this stimulating -effect of 
germinating seeds on 'spore, germination' was observed "also .in, some tests ■ 
■of the viability of .spores,' buried' in the soil. For these experiments 14 
samples of spores which had been buried under different co.nditions were 



J^eb. i 6 , 1&34 


Physiological Studies on Flag Smut of Wheat 


43 ^ 


used. The soil and spore mixture constituting each sample was divided 
into duplicate portions, each of which was placed in a Syracuse watch 
glass and 3 cc, of tap water added to each. In one portion of each sample 
five wheat seeds were placed. After four days there was good spore 
germination in four of these portions in which seeds were germiiiatingj 
but there was no germination in the duplicate portions without seeds, 
with the exception of one in which a single germinating spore was found. 
Also there were a few spores germinating in one other dish in which no 
seeds had been placed. After seven days there was good germination 
in four more cultures containing seeds, but there was no increase in germi- 
nation in the lots without seeds. 

Brown (i) recorded the stimulating effect of volatile substances 
arising from plant tissues on the geimination of spores of Botrytis ci- 
■nerea and other fungi. Plant distillates and various chemical substances 
also stimulated germination. Noble’s data (ji) confirm Brown’s results 
on the effect of plant tissues and distillates on spore germination. He 
found that spores of Urocystis tritici “which had been presoaked in 
water for several days would genninate profusely after the addition of 
small quantities of wheat seedlings tissue.” 

VIABILITY OF SPORES 

In order to test the viability of spores of various ages, seeds of Harvest 
Queen (C. I. 5957) were inoculated with dry spores of Urocystis tritici^ 
collected in different years and at various places, as given in Table II. 
The inoculations were made by mixing the seed with the spores in small 
seed envelopes. The inoculum used in this experiment was obtained 
from leaves which had been dried and kept at ordinary room tempera- 
ture under laboratory conditions. The inoculated seed was sown in the 
greenhouse and infection noted on the plants as they matured. The 
infection percentages are recorded in Table 11. 


Table II . — The effect of age of spores of Urocystis tritici, and the locality in which they 
were produced, on the power to infect Harvest Queen wheat in the greenhouse at A fling* 
ton Experiment Farm, in ig2i~22 


' Row 
number. 

, Soiiree of spores. 

Year. 1 
collected. 

i Wheat plants. 

Total 
number, j 

Number ! 
infected. ’ 

Per cent' 
infected. 

37 

: Australia a 

1919 ; 

16 

16 

lOO' 

55 

i Granite City, 111 

19m 1 

14 

9 1 

64.3 

46 

1 Rosslyn, Va. 

1920 

17 

9 i 

S2-9 

641 73 

Do 

1921 1 


' 21. 

1 67.7 

10, 19,28 

Granite Citv, 111. 

1921 1 

i 49 

^3 

46.9 


« Spores obtained in 1921 from 'R. J. Noble, 


Table II shows that the spores produced in 1919 in Australia' caused 
loo per cent infection, while the others were from 46.9 to 67.7 per cent 
effective.' It may be that the fungus from Australia is more virulent 
than , that obtained in the United ■ States. However, these ' differences' 
may not be significant, as was shown by the following "experiment. Seed 
of Harvest Queen from the same source as that used in the previous ' ex- 
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periment was inoculated with spores collected in the greenhouse at Ross- 
lyn, Va., in 1921, and sown in the same greenliouse bench about 18 days 
later than the sowings recorded in Table II. Fourteen out of 15 of these 
plants, or 93.3 per cent, became infected. The seed and spores were from 
the same source as those used in rows 64 and 73, given in Table II, in which 
but 67.7 per cent of the plants became infected. Therefore it is reason- 
able to expect that had the conditions at the time of sowing been simi- 
larly varied for all the spore lots used in the inoculations noted in Table 
II, different percentages of infection might have been obtained. How- 
ever, the results serve to indicate that the infective power of spores is 
not destroyed even though they are stored two or three years under 
laboratory conditions. 

In the'spring of 1923 germination tests were made with spores from 
the same collections listed in Table II. In all instances good germination 
was obtained. Thus it has been shown that the spores collected in Aus- 
tralia and Illinois in 1919 wrere viable after having been kept for four 
years in the laboratory. 

In order to test the infective power of fresh spores, seed of Harvest 
Queen 'was inoculated with spores from infected green leaves collected 
on January 5, 1922, and sown in clean soil on January 6, 1922, together 
with one uniiioculated row and one row inoculated with dr}^ spores of 
the previous season for controls. The fresh spores produced an infection 
of 5.7 per cent and the dry spores 47 per cent, while no infection devel- 
oped in the uninoculated row. Again in Mardi, 1923, 30 seeds each of 
Harvest Queen, Hard Federation, and Tittle Club were inoculated witli 
spores which had been collected the same day, and then were sown in 
three lo-inch pots containing garden soil autoclaved for 15 minutes at 
15 pounds pressure. The pots w’eresetin the soil on a greenhouse bench 
in order to lessen drying out and to prevent rapid temperature changes. 
IVo plants of Hard Federation, or 6.7 per cent, became infected, but no 
infection developed in Harvest Queen or Tittle Club. Thus it was 
shown that wheat plants can become infected by fresh spores, though 
the percentages of such infection' may be quite small. 

OVERWINTERING OF SPORES 

It having been shown that soil infestation was an important factor 
in the dissemination of flag smut, . and one which made seed treatment 
partially ineffective, it was thought desirable to secure experimental 
data on the overwintering of the spores in the soil. On such information 
recommendations could be based for' such practices in soil management 
as might control the disease. 

The following experiment was conducted to determine the ability of 
spores to ovenvinter in the. soil at Granite City, 111 ., in 'the flag-simit area/ 
Forty-tw^o .small cylindrical 'wire' baskets about i inch in diameter and 3. 
Inches long were filled with the various mixtures of different soils, diseased 
leaves, and spores of the previous season, as given in Table HI. Besides 
the native black alluvium, of Granite City, there were used sandy loam 
, and basaltic 'soils' from Madis'on, Wis., and Pullman, Wash., ’.respectively.. 
These baskets .were buried in .the ground at different depths on October 

1921. 

One- third of the baskets were -dug- up on^ November n,' one-third'^ on 
November 28, and the .S.nal'' third on April-' 10,.. '192,2^ and .the .'contents 
sent to the laboratory in small , glass vials. A soil suspension was" made 
from each, using about 30 cc. of tap water. The spores in part were' 
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recovered from the soil by fractional centrifuging. The heavier soil 
particles with many spores were centrifuged out first and then a 
layer, consisting of many spores and the lighter soil particles, was ob- 
tained. To test spore germination, this layer was pipetted off into a 
S3nracuse watch glass, tap water added, and the whole placed in an in- 
cubator at 1 8*^ C. But it had been found that flag-smut spores often fail 
to germinate in cultures, although spores from the same source produced 
abundant infection in susceptible plants inoculated with them. So it 
was decided to grow seedlings in the heavier residue to determine the 
\dability of these overwintered spores by their infective power. Five 
seeds of wheat were sown in each soil and spore residuum and allowed to 
grow in the same chamber with the spore germination tests. Haiwest 
Queen was sown in the series dug up on November i and November 28, 
while in the series dug on April 10, 1922, both Harvest Queen and Bobs 
were sown. 

When these seeds had germinated and each plant had one well-developed 
leaf, they were transplanted to clean soil in the greenhouse. Infection in 
the earlier sowings was first observed in January, and the final results 
were recorded in June. These data, together with the results of the 
spore germination tests, are recorded in Table HI. 


TabIvB hi . — Viability and infective power of spores of Urocystis iritici buried for varying 
periods in different types of soil at Granite Cityt III., on October 6, ig2i 





Dates baskets were dug from soil. 


1 

Soil and inocultiin. 

Depth* 

Nov. I, 1931 
(Series i). 

Nov. 28, 1921 1 
(Series 2). 

i Apr. 10, 1922 

1 (Series 3), 

burial. 

Spore 

germi- 

nation. 

Infec- 
tion on 
Har- 
vest 
Queen. 

■Spore 
germi- 1 
nation. | 

Infec- i 
tion on 
Har- 
vest 
Queen. 

Spore 

germi- 

nation. 

Infec- 
tion on 
Har- 
vest 
Queen. 

1 Infec- 
tion on 
Bobs. 

Black aihivial soil plus spores . 

Inches. 
Q~ 2 


Per ci. 
40.0 

1 

i 

+ 1 

Per ci, 
i 0 


Per ci. 
0 

Per ci. 

0 

Do ■ 

2 - 4 

— 

0 

+ 'i 

1 0 

— 

0 

0 

Do. ..' I 

4 - 6 

— 

7 S -0 

— ' : 

1 0 

— , j 

0 

0 

Do ' : 

6- 8 


75.0 

— 

' 0 , 

— j 

0 

0 

Do 

8-10 

— 

50.0 

, 

; 0 


'. .0 

0 

Black alluvial 'Soil plus in- 
infected, leaves, 

O” 2 j 

1 

+ ! 

0 

j 4- : 

1 

0 

_ 

0 

0 

Do 

2- 4 i 


0 

1 + 

i 0 


0' 

20 

Do 

4- d 


40.0 

i + 

I 0 

__ 

0 'i 

0 

Do 

6- : 8 ; 

-j- 

0 

! — 

! ^ 


d '1 

20 

Do 

8-10 


0 

1 T 

1 0 


0 

, ■ 0 

Basaltic soil plus spores. . . . 

4* 5 : 

. _■ 

33*3 

■ 

i 0 


0 

0 

Basaltic soil plus leaves. ' 

4 - 5 


40.0 

i .-f 

1 20 

— 

, ', ■ 0 

■ 0 

Sandy loam plus spores. . . . , . 

4 - 5 : 


30.0 


0 

4 _ 

■ , 0 

, 0 , 

Sandy .loam plus leaves. ...... 

4- 5 

' 

0 

1 , 

0 

1' , ' 

1 

' 0 ■ 

■' ; ' 0 


The foregoing results seem^ to indicate that the infective power of the 
spores was markedly decreased, during the time .between the removal 
of the first and. second series, or between November.' i and 28. ■ ■ The. spore 
germinations. show a slight increase, due probably, to a' difference, in the; 
method of germination. The two cases of infection obtained in Series', '3' 
from spores ■ buried over five months were noted on , Bobs, a very '.'".sus-' 
ceptiblC' spring wheat which had not been used for' the" earlier tests. 
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Anotiier series of experiments on the overwintering of spores was 
.conducted cooperatively with the Missouri Botanical Garden during the 
winter of 1922-23. Diseased leaves had been collected in 1922 from 
plants grown in the field at Granite City, III, and in the greenhouse at 
Arlington Bxperiment Farm, Rosslyn, Va. These leaves were ground 
in a food chopper, mixed with two parts of soil in a Mason jar, and placed 
in small, 2-inch flowerpots on November 24, 1922. These pots were 
divided into two lots and buried in the soil so that the tops of one lot 
were i inch below the surface of the ground and those of the other 5 
inches below. The height of the pots being 2.5 inches, the spore mixtures 
in each pot of the first lot were from i to 3.5 inches and those in the other 
from 5 to 7.5 inches beneath the soil surface. The two depths at which 
the pots were buried are recorded in Table IV as 2 and 6 inches, respec- 
tively. In addition, six pots, similarly filled, were watered and kept in the 
greenhouse for 4, S, and 12 days. . At the end of each of these three 
periods, two pots were buried, one at each depth recorded above. As the 
viability of the spores is considered to be decreased during long intervals 
of wetness, the late sowings of spores which had been watered for 4, 8, 
and 12 days before burial were intended to simulate to a slight extent 
the periods of fall rains. Thus, if the spores had been in the soil through 
late ' summer and early fall, their viability might have been lessened by 
the time these experiments were begun. As a check on the viability of 
the spores a part of the soil and spore mixture was kept in the Mason 
jar until the first pots were dug on January 4, 1923. 

At various intervals of about two weeks, some of the pots in each 
series were taken into the greenhouse. Seed of Little Club was sown 
in the pots and allowed to grow. The soil temperatures for the different 
sowings were not the same, the temperatures for March and April being 
considerably higher than those for January and February. After the 
resulting seedlings had produced one or two strong leaves, they were 
transplanted in clean soil in the benches. The pot buried on November 
24, with the spores 2 inches below the surface, had its contents destroyed 
by mice after it was dug up on January 4 and wheat seed sown. Also 
the seed sown on January 4 in the pot buried 6 inches below the soil 
surface on December 6 and brought in on January 4 was destroyed by 
mice. Additional seed was resown in this pot on January 12, 1923. 
The infection results are given in Table IV. 

From Table IV it seems that watering the spores and keeping them in 
the greenhouse for 4, 8, and 12 days before they were, buried' in the soil 
did not diminish their viability. Indeed,- four of the rows showed 100 
per cent infection, which was slightly higher than that of the control. 
The - Spores showed a marked decrease in viability about February 3. 
The coldest weather of the year was. during the two weeks following 
'this - time, the minimum temperature recorded being about F. By 
February 18, the ground had begun to thaw and the pot at the' 
c-inch depth was brought in, though the one at the 6-inch depth could 
not be dug from the ground until February 22. There was an infection 
of 1 1. 1 per cent in tiie plants grown in the pot buried at the 6-iiich 
depth and brought in on March 16. There was no infection in the plants, 
sown in pots removed from the soil on.. April 14, but the plants did not 
grow well because of the high air and soil temperatures in the green- 
house.^- However, as previously stated, there was infection in the' plants 
sown in April, 1922, m the infested soil which had been removed from the 
field at Granite City, 'III, on April 10, 1922. . 
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Tabi^iS IV. — Ifi/ectiom of Little Club wheat produced by spores of Umcystis tritici buried 
ai different depths and for varying periods during the winter of iq 22~2^ at the Missouri 
Botanical Garden, St. Louis, Mo a 


' Average 

I depth spores 
! were buried. 

Date when spores were— 



Total 
number of 
plants. 

.. 

Infected plants. 

Buried. 

Exhumed, 

Niunber. 

Per cent. 

; Inches. 







; Crttitrol . . 




22 

21 



Nov. 28 

Tan. 

4 

28 

25 

yj • J 

^ 9-3 

6 

. . . .do 

. . . .do. 


2^ 

2 

100 

: 2 

Dec. 2 

. . . .do. 


19 

19 

zoo 

1 6 

...■do 

do. 


27 

27 

100 

! 2 

Dec. 6 

do. 


8 

8 

100 

6 

. . . .do 

. . . .do 


24 

20 

82 2 

1 6 

Nov. 24 

do. 


25 

24 

96.0 

! ■ 2 

do 

Feb. 

3 

24 

6 

25.0 

* -6 ■ 1 

i....do ! 

, . . .do. 


23 

i 12 

52.2 

! 2 " ! 

. . . .do 

Feb. 

18 

26 

^ 5 

19.2 

i 6 

. . . .do ^ 

Feb. 

22 

22 

i 6 : 

27.3 

1 2 

. . . .do 1 

Mar. 

I 

18 

1 3 ’ 

16.7 

! 6 

, . . .do 

. . . .do. 


20 

! 0 

1 0 

2 

. . . .do 

Mar. 

16 

iS 

I ^ 

0 

I ' 6 

do 

do. 


18 

: 2 

I 1 1 . I 

i 2 

. . . .do 

Apr. 

14 : 

18 

1 0 

1 0 

i 6 

1 

. . . .do 

do. 


18 

1 0 

1 

1 0 


« Experiments in cooperation with the Missouri Botanical Garden. 


On October 5, 1921, a plot of land about 10 feet square, near the ex- 
periniental field at Granite City, III, was inoculated tlioroughly with 
flag-smut spores by spading under heavily infected wheat straw. On 
October 12, 1922, over one year later, clean seed of Harvest Queen 
wheat was sown in this plot. An uninoculated control plot of equal size, 
located some distance away, also was sown with uninfested seed of the 
same variety. In May, 1923, there were nine infected plants, or 2,4 
per cent, in a total of 377 in the inoculated plot. None of the 370 plants 
in the control plot was infected. 

Thus it has been shown that, though there is a decrease in viability, 

« the spores are able to survive a winter and subsequent summer in tlie 
flag-smitt area near St. Louis, Mo. They not only are capable of gerniina- 
tion, but actiiall}^ can infect wheat plants. 

INFECTION 

Regarding the infection of w^heat by Urocysiis Iriticd, McAlpine (9) 
states: “Infection occurs in the seedling stage, also when tiie young 
shoots are being formed, but not when the plant is above ground, . . 

He proved that infection did occur in the seedling stage, but based his; 
conclusions concerning the infection of new shoots as they are formed 
during tillering, on some data given by Hecke (3) . The latter cut back 
to the collar shoots of sound plants of the perennial rye {Secale montanmm) 
in the autumn. He tlien dusted spores of Urocystis occulta> on the. exposed 
collar and covered the plant with manure containing the same kind of 
spores. '■ In the spring the shoots produced were infected. ■ Discussing ' 
Hecke's data, McAlpine says: “ But a fresh light has' been thrown" on 'the. 
infection of rye, and the same. probably applies to wheat. By. the ex-, 
periinents of Hecke ... it was there shown that the spore has not.only; 
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the one chance of infecting the primary or terminai bud, but also the 
iiunieroiis chances of infecting the lateral buds produced bmeath the 
surface of the soil and growing out into fresh stalks. There is not only 
seedling infection, but shoot infection, and it is decidedly to the advant- 
age of the parasite to multiply the points of attack as much as possible/* 

If it be true that new shoots as well as the plumule are liable to infec- 
tion before emerging from the soil, then factors which would hasten 
growth through lie soil would shorten the infection period and, there- 
fore, would lessen the chance of infection. Soil moisture and tempera- 
ture would play an important part by influencing the germination both 
of the wheat seed and of the smut spores. 

Experiments were conducted to determine the relation, if any, between 
infection and date of sowing, temperature, stage of growth prior to inocu- 
lation, and tillering. These experiments are discussed separately. In 
addition, experiments were conducted to determine the effects of cutting 
back inoculated plants at different periods of growth on the appearance 
of flag-smut infection. 

bate: of sowing as rebatj^b to infection 

The following experiment was conducted cooperatively with the Mis- 
souri Botanical Garden, to determine if any relation existed bet^veen the 
date of sowing inoculated seed and the amount of infection produced. 
Harvest Queen was used throughout this experiment. Eleven sets of 125 
selected seeds each were inoculated and sown in rod rows at three-day or 
four-day intervals from October 17 to November 21, 1922. The row^s 
were 1.5 feet apart, and the seeds were spaced at intervals of a little less 
than 2 inches. All inoculations were made simultaneously with dry, 
ground spore material of the previous season. The vials of inoculated 
seed for the later sowings were kept in a cool, dry place in order to main- 
tain the viability of both the spores and seed. Infection, was first ob- 
served on April 28, 1923, on some of the plants of the first sowings. The 
dates of the various sowings are given in Table V, together with the total 
number of plants, number of infected plants, and the percentage of infec- 
tion for each date of sowing. 


T AMhB Y .—Percentages of infection of Harvest Queen wheal by Urocystis iriticif as 
influenced by date of seeding from October if to November 21, Ip22, in the Mis- 
souri Boianical Garden, St. Louis , Mo, ^ 


1 

i 

i 

Plants. 

Bate sown. i 

■ ■ j 

Total 

Number 

Per cent 


ntnnber. 

infected. 

infected. 

Oct, 17. 

. 


' di,3 

Oct. 20. : 

.48 

77 

2/f 

Oct. ,'24. ' 

T 4 

23.1 

'Oct, 27....,' 

v) r 

26 

6 

Oct, 31 .......... 

24 

S 

20.8 

Mov. 3.,... 

1 24 

: ' 7 

29 . 2 

Nov. 7 

1 50 

- ■ 7 

' 14. 0 

Hov. 10 

19 

0 ' 


Nov. 14,.. . . 

j '/V 

24 . 1 

Nov, %7 . 

ro : 
72 

O' 

0 

Nov. 21 . 


'O 

' 0 ' 





Expeirmmts in cooperation witli Uie Missouri Botanical Garden. 
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The percentage of infection decreased from 61.3 per cent in the sowing 
of October 17 to 20.8 per cent in the sowing of October 31. 'There was no 
infection in the rows sown on or after November 14. These variations in 
the percentage of infection w'ere due probably to soil temperature and 
moisture conditions, which inliibited the germination of the spores at the 
time the wheat was germinating. 

TlSMPKRATURE AS Rl^UATED TO INFECTION 

A series of experiments was arranged in order to determine the range 
of temperature within which actual infection could occur. On December 
I, 1921, 40 seeds of each of five susceptible varieties of wheat (Bobs, Hard 
Federation, Harvest Queen, Little Club, and White Federation) were 
inoculated heavily with flag-smut spores by moistening the seeds and 
rolling them in dry spores. The seeds were then incubated between 
moist blotting papers in the manner prescribed for standard seed-germi- 
nation tests. Through the kindness of W. L. Goss, of the Seed Testing- 
Laboratory of the Bureau of Plant Industry, germination chambers 
were secured in which the temperature was controlled within narrow 
limits by electric thermostats and in which a humidity of practically 100 
per cent was maintained. Recording maximum and minimum ther- 
mometers were placed in each chamber. The three chambers used had 
average temperatures of 17.8® C., 22.3°, and 25. 8*^, with fluctuations 
between 17° and 19°, 21,5° and 23.5°, and 25° and 26.6°, respectively, 
during the time the seeds were in the chambers. A fourth lot of seeds 
of the same varieties was placed in an ice box, the temperature of which 
ranged from 6° to 12° during the 30 days of the experiment. 

■\^en the seedlings in each chamber had reached the stage where the 
first leaf had pushed through the coleoptile, they were washed thoroughly 
with the aid of a brush until no spores were visible on the seeds. , They 
were then transplanted to clean soil in the greenhouse, in December, 
1921, and allowed to grow until flag-smut lesions appeared or, if the plants 
did not become infected, until maturity. The infection percentages 
obtained at each temperature are given in Table VI. 

Table VI . — The effect of temperature on infection of five varieties of wheat by Uwcystis 
tfitici when inoculated seed was germinated on blotters in ie^nperahtre chambers, then 
washed and transplanted in greenhouse soil in December, rpzi 


Average temperature. 


Variety. 

9 c. 

17,8*^ c. 

23 . 3 ** C. 

35.8" c. 

Total 

num- 

ber 

plants. 

Infected 

plants. 

Total 

num- 

ber 

plants. 

Infected 

plants. 

Total 

num- 

ber 

plants. 

Infected 

plants. 

Total 

num- 

ber 

plants. 

Infected ' 

, plants. 

Bobs ; 

Hard Federation 

Harvest Queen 

Little Glnb. 

White Federation. ..... .■ 

All varieties. .... . 

30 

29 

23 

,, 23 

No. 

5 

0 

4 

P. ci. 
16.7 
0 

0 

0 

25 

19 

32 

! 23 

1 

No. 

3 

0 

6 

I 

0 

P. d. 
12 . 0 

0 

18.8 

4.3 

0 

19 

16 
28 
■ ,27 

14 

No. 

;6 

■•7 

1 

fa 

P. ci. 
31.6 
43.8 
32 -I 

23.2 

14*3, 

27 

26: 

"; 3 o 

No. 

.,.0 

0 

0 

0 

P.ct 

... 0 

O' 

p 

0 

0 

105 

sj 4.8 

117 

10 

>-s 

■ 104I 


28.8 

, 128 

0 

0 
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Tlie data show that only one variety, Bobs, became infected at 6"^ to 
12° C« and that the highest percentage infection for each variety occurred 
at 21.5° to 23.5°. The fact that no infection developed in any of the 
five varieties when grown at 25° to 26.6° is probably due either to the 
accelerated growth of the wheat plants at this higher temperature, 
which enabled them to escape infection, or to the inhibition of spore 
germination, or to both effects. 

:Sven at the optimum temperature ail of the percentages of infection 
are relatively low for such susceptible varieties. In the varietal resistance 
experiments for 1921-22, herein described, in which the inoculated seed 
was sown in the soil, the percentages of infection in these same varieties 
were 86.7 for Bobs, 80.8 for Hard Federation, 88.5 for Harvest Queen, 
97.8 for Tittle Club, and 97.4 for White Federation. 

A preliminary experiment on the effect of controlled soil temperatures 
on infection was conducted by W. H. Tisdale and R. W. Teukel in the 
greenhouse at Arlington Experiment Farm in the spring of 1923. An 
equal amount of soil was placed in each of 12 galvanized cans. ^Two cans 
were set in water in each of six tanks held at 10°, 15°, 20®, 24°, 28^, and 
32° C., respectively. Twenty seeds of Bobs wheat were sown in each 
can on March 26. The seeds were spaced at regular intervals in a 
circle, 1.5 inches from the border of the. can, and covered with about i 
inch of soil. .No smut developed in any of the cans except the ones in 
which the soil temperature was held at 20°. In these cans 5, or 12.5 per 
cent, of the 40 plants became infected with flag smut. 

STAG® OF GROWTH AS RBUAT^D TO INFI^CTTON 

In the. case' of seedling' infection it is .stated by Me Alpine (g) that 
infection occurs before the plant emerges, from the soil. Soon after 
emergence the coleoptile, or sheath, which completely invests the plumule, 
is broken, and the latter appears. In order to determine the stages of 
seedling growth at which infection could occur, the following experiments 
were conducted. Seed of Bobs, Hard Federation, Harvest Queen, Little 
Club, a.nd ^Tiite Federation, the same varieties used in the temperature 
experiments, were placed between moist blotters, at 18° to 20° C. in a 
seed-germination chamber on December 6, 192 1. When tliese seeds were 
at three definite stages of germination — ^namely, (i) testa, or seed coat, 
Just broken; {2) plumule about i to 1.5 cm. long, and three strong roots 
developed ; and (3) coleoptile just broken, those in each stage were di- 
vided into two lots. In addition, dry, iingerminated seed was divided into 
two lots. Both lots were inoculated and placed in clean soil in the green- 
house December 9 to 16, 1921. One lot of each was inoculated by rolling 
the seed or seedling' in dry spores and the other by immersing in a spore 
suspension. , This suspension consisted of spores soaked in tap \vater for 
at least two days. The spores in suspension were not necessarily germi- 
nating. It was thought that if the time between the transplanting and 
emergence of the seedlings was veiy short the dry spores might not have 
time to germinate and infect the seedlings before the latter .came through 
the ground. On the other hand, if the spores' were thoroughly soaked 
they could germinate^in a very short time. Unfortunately, the emergence 
dates for these seedlings were not recorded, although these data' would 
have been valuable in correlating rate of growth and infection. ■ Table 
VII contains the results' for. the two lots of each, variety inoculated, with 
the soaked 'and" ' dry spores, respectively, ■ at the three stages, of growth 
desOTbed above. ' 



Feb. i6, 1924 


Physiological Studies on Flag Smut of Wheat 


439 


Table Results of inoculating wheat seedlings at three definite stages of growth with 

both soaked and dry spores of Urocystis tritici and planting them in the greenhouse at 
Arlington Experiment Farwit Rosslyn, Va.^ December g to 16, ig2i 


Variety. 

Seedlings inoculated | 

Averag.e 
percent- 
^ age of 
infection 
includ- 
ing both 
lots. 

Lot 1. 

Soaked spores. 

Lot 2 . Dry spores. 

Total 

plants. 

Infected plants. 

Total 

plants. 

Infected plants. 

SEED COAT JUST BROKEN. 










umber. 

Per cent. 


Number. 

Per cent. 


Bobs. 

36 

4 

II. I 

35 

17 

48. 6 

29.6 

Hard Federation 

34 

5 

14.7 

33 

16 

4S.S 

3^-3 

Harvest Qtieeii 

32 

6 

18.8 

34 

6 

17.6 

1S.2 

Little Club 

3 ^ 

20 

64.5 

28 

10 

35-7 

50. 8 

Miite Federation 

33 

20 

60.6 

30 

23 

76.7 

68.3 

PLUMULE AND THREE ROOTS 








developed. 








Bobs 

35 

5 

14*3 

34 

12 

35-3 

24.6 

Hard Federation 

35 

9 

25-7 

36 

II 

30.6 

2S.2 

Harvest Queen 

34 

10 

29.4 

33 

4 

12 . I 

20.9 

Little Club 

30 

25 

83-3 

31 

18 

58.1 

70.5 

White Federation 

29 

18 

62. 1 

29 

16 

55.2 

58.6 

COLEOPTILE BROKEN. 








Bobs. 

35 

0 

0 

36 

0 

0 

0 

Hard Federation 

36 

0 

0 

36 

0 

0 

0 

Harvest Queen 

35 i 

0 

0 

34 

0 

0 

0 

Little Club 

32 ; 

0 

0 

33 

0 

0 

0 

White Federation 








control: dry tjngermi- 








N.ATED S.EED. 



i 





Bobs 

17 

8 

47 . 1 




47, I 

Hard Federation 

17 1 

8 ! 

47,1 1 




*ri • 

47. I 

Harvest Queen 

15 1 

7 1 

46.7 

17 

9 

52.9 

*T/ • * 

50.0 

Little Club 

8 1 

8 

100 

8 

6 

75.0 

87-5 

White Federation 

7 

5 

71-4 

7 

5 

71-4 

71.4 


Abundant infection occurred in the plants inoculated at the first two 
stages, but in no case was there infection of any plant which was inocu- 
lated after the coleoptile was broken. The highest percentage of infection 
in the three-root stage was 83.3 per cent in Tittle Club, and in the stage 
where the seed coat was just broken there was 76.7 per cent in White 
Federation. There ' apparently was.no relation between the condition 
of the inoculum at time of application and the percentage of infection 
produced in each case. In some instances where the inoculations were 
made at the same stage of .growth the dry inoculum produced a higher 
percentage of infection, while in others the spore suspension produced 
the higher percentage. Four of five., varieties had higher percentages 
of infection when inoculated with dry spores at the time the seed coat 
was just broken than when the inoculations were made, at the three-root 
stage. '. AH .of. the ' varieties inoculated with the . spore suspension had 
higher percentages of infection when they were ' inoculated at the three- 
root stage than when' the seed coat was just broken. In the varietal- 
resistance experiments herein described infections of' loo per cent were 
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recorded in a few varieties. Obviously, in these cases, inoculating the 
seeds with dry spores gave as high a percentage as could have been 
obtained if the seeds had been inoculated with soaked or even gennmating 
spores. These results would indicate that the period favorable for 
infection is before the seedling comes through the ground, or before the 
coleoptile is broken. 

In order to test the possibility of infection during the tillering stage, 
when new shoots are produced from the crown of the plant, the f ollowing 
experinients were conducted: One lot of smut-free seed of Harvest 
Queen, Tittle Club, and White Federation, the same varieties used in 
the foregoing experiments, was sown in clean soil on November 28, 1921. 
A similar lot was inoculated with dry spores of the previous season 
and sown on the same day. Three rows of each variety in the two lots 
were somm. On December 13, when the plants in both lots had de- 
veloped one strong leaf and a small second one, they were removed 
from the soil. Only two rows of each variety in the two lots were re- 
moved. For a control the third row in each instance was not disturbed. 
The uninoculated plants then were inoculated by rolling the roots and lower 
part of the stem in dry spores and were transplanted to the rows in which 
the inoculated seed had been sown. The inoculated plants were washed 
free from all soil particles and the old attached seed washed and brushed 
until all traces of the spores were removed. They then were planted 
in the clean soil where the uninoculated seed had been sown. Thus, 
there was an exact reversal of position. Both sets also were inoculated, 
one on the original seed and the other when the plants were about two 
weeks old. The results are given in Table VIII. 

ThBhi^ VIII , — Infection of three varieties of wheat by Urocystis tritici after inoculating 
seed and seedlings in the greenhouse at Arlington Experiment Farm, RosslyUf Fa.', 
from November 28 to December ij, ig2i 



Control. 

Uninoculated 
seed; seedlings 
inoculated and 
transplanted 
to infested soil. 

Inoculated seed; 
seedlings washed 
and transplanted 
to clean soil. 

Variety. 

Clean seed in 
clean soil. 

Inoculated seed 
in clean soil. 

Total num- 
ber plants. 

Infected 

plants. 

. 

Total num- 
ber plants. 

Infected 

plants. 

Total num- 
ber plants. 

Infected 

plants. 

Total num- 
ber plants. 

Infected 

plants. 

Harvest Queen 

White. Federation 

Little Club 

All varieties 

16 

3.7 

17 - 

No. 

0 

0 

0 

P. cL 
0 

0 

0 

iS 

14 

14 

No. 

14 

II 

14 

P. d. 
77. a 
78.6 
100 

: 

30 

30 

35 

No. 

1 

0 

1 

P. d . 
3-3 

0 

2.9 

34 

20 

32 

30 

18 

30 

P. cL 
88.2 
90.0 
, 93 '*^ 

S'o 

0 

0 

46 

59 

84.8 

95 

2 

2,1 

86 

78 

90.7 


_ There was one plant each of Harvest Queen and Tittle Club infected 
in thC' lot which was inoculated when the 'plants were about two weeks 
old, but nO' infection appeared in White Federation. No other infection'' 
was noted on plants, which were ■ inoculated after the .seedlings had 
em^ged. There was 88.2 per cent or more , of' infection in ' each variety 
which was inoculated at ■&€ time ' the' -seeds ' we,re sown.' "From these 
resttits and from the data obtained in 'the previous' experiment where 
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BO ■ infectiott occurred in 277 plants when inoculation was made after 
the coleoptile was broken, it would seem that in the greenhouse, at least, 
■shoot infection was almost negligible. 

relation of cutting back inoculated planTvS to development 

01^ SMUT 

' In addition to the possible infection of shoots during the process of 
tillering, tliere is another type of shoot infection which evidently comes 
from within the plant and' is the result of the original seedling infection. 

In the spring of 1921 inoculated plants of Bunyip, Cedar, and Come- 
back, grown in the greenhouse at Arlington Experiment Farm, appar- 
ently were free from the disease. Each plant had about four culms, 
all of which were 3rellow and well headed at the time of note taking. 
As these varieties had been practicalh^ free from the disease in the pre- 
vious season, and as other infected varieties needed immediate atten- 
tion, they were allowed to mature. However, the plants were watered 
each day, and small secondary shoots soon began to develop at the base 
of the mature culms. On later examination several of these shoots w^ere 
found to be infected, even though the mature plants had shown no infec- 
tion. The occurrence of the disease in these small, secondary shoots, 
while the headed culms of the same plants remained smut-free, possibly 
may be explained in two different ways. First, it may be assumed, as 
McAlpine has suggested, that they were infected by spores present in 
the §oi! at the time of emergence; or, second, that they w^ere infected 
from mycelia already in the plant, which, for some reason, had not been 
able to form spores in the older leaf tissue. 

Greenhouse experiments were conducted in 1921-2I to determine the 
possible source of infection in such secondary shoots and to study the 
'effect of cutting back the plants at various stages of gxowth on the 
pi'oduction of diseased secondary shoots. The results of the experiments 
in which seedlings had been inoculated immediately following rupture of 
the coleoptile and later, during tillering, have already been given. There 
was no infection of any shoot when the inoculations were made just after 
the coleoptile had been broken. Two plants out of a total of 95 were 
infected when inoculations were made after the seedlings w^ere about two 
weeks old. 

Again, 50 uninoculated seedlings of Harvest Queen were cut to the 
level of the ground immediately after the coleoptile became ruptured. 
The cut surface of each seedling and 'the soil around it were heavily 
inoculated with flag-smut spores. No infection developed in any of 
these plants. In later experiments no new cases of infection have been 
noted where inoculation of the soil and plants was delayed until the 
latter had emerged from the soil 

None' of the soil in which the cut-back plants were grown was; inocu- 
lated' with, 'flag-smut spores. The spores were sown with the .seed' and, 
therefore, were about 2 inches under ground. Thus there were no,,' 'spores 
near "the 'surface' of the soil' excepting those 'which might ■ have, ' been 
carried up 'through the soil by the ' plumule' during' : its growth'. 

Then'rowns 'of ' wheat plants, gro'wn". in the greenhouse vrere ..practically, 
on, the surface'of the soil, so that 'often the ' secondary , ,sbO'Ot'S'm'ever came, 
in '"contact with the soil The" shoots'.' arising: fro'rn the;''b'ase'':,''of ,, the culms 
often were pressed closely to the culms."- "'In cases' of ' this 'kind the basal 
leaf sheaths of the culm incased both ' the ^secondary " shoots and the lower 

74026 — , 24 — — 2 " ■' 
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part of the culms tiutil tlie shoots were from i to 3 indies high. ■ The 
secondary shoots arose from the crowm or from the first, second, and 
third nodes above the ground. Infection often was noted on, shoots 
which arose from these points of origin. Plate 3, A, shows a cut“back 
plant with an infected shoot v/hich arose from the second node, or the 
first node above ground, of a culm which had been cut. This infected 
shoot from the second node is enlarged in Plate 3, B. 

From the fact that tiie infected shoots often arise from the nodes 
above ground, where the chances for infection are very few, and from 
tlie difficulty encountered in producing infection where inoculations 
were made after the plants w-ere above ground, it would seem that the 
smut appearing on the secondary shoots arose from hyphae already 
inside the tissues of the host plant. 

Seventeen winter varieties and ii spring varieties were used in experi- 
ments to study the effect of cutting back wheat plants on the appearance 
of infection. These varieties were resistant, slightly susceptible, and, 
in a few instances, quite susceptible in previous varietal experiments. 
A susceptible spring and a susceptible winter variety, Bobs and Harvest 
Queen, were used as controls for infection. Four rows of each veriety 
were sown 6 inches apart, placing 18 inoculated seeds 2 inches apart in 
each row. The plants in row i of each variety were cut back to about 
I inch in height when they had two leaves and were two to three weeks 
old. The plants of the second row of each variety were cut back to 2 to 
3 inches in height when they had two or three small culms, or when 
infection was showing in the susceptible varieties used as controls. Plants 
in the third rows were cut back when beginning to head, and those in 
the fourth rows were, left uncut and used as controls on the plants which 
were cut back. These different series of cut-back plants are hereafter 
referred to as rows i, 2, 3, and 4. 

The appearance of smut lesions was watched for closely, and all in- 
fected plants removed as soon as observed, so that in each instance 
only the smut-free plants were cut back.. Of the ii spring varieties 
treated in this manner 3 showed no infection and 2 an infection of 
1.6 and 5.4 per cent, respectively, but which did not seem to be in- 
fluenced, by cutti.ng back the plants. However, 5 varieties developed 
smut in the cut plants either earlier or in a greater percentage than in 
the plants Which were not cut back. Of the 17 winter varieties, 10 
showed, no smut, while 4 showed only- one or two infected plants. 
Thus in only 3 printer varieties was the development of smut in- 
fluenced to any extent hy cutting back, the plants. The percentage of 
plants infected in each row of, the 8 different varieties which became 
infected is given in Table IX. 

There was no uniform plant response from each variety at each stage 
of development, when cutback. In all varieties where the plants were 
cut back in .the two-leaf stage, there W’as ,a greater percentage of infec- 
tion' than in' the control rows which were not cut back. There was con- 
siderable varia'tion in the percentage of infection in rows 2 .and 3. . More- 
over, it was observed that ■ clipping the culms not -only influenced , the 
percentage of ' infection, but, in many , instances, the- interval" between 
sowing and appearance of smut was .considerably shortened. ,, 

Clipping the plants after they had begun to head' was the .most favor- 
able with regard to both the percentage' and the appearance of 'infection 
in Btinyip. Small, secondary , shoots at once , began to- develop m, row 
3, and the lesions appeared 17 days earlier in this row than in rows. 2' and 
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4, and 34 days- earlier in row i. Row 3 had a final infection per- 
centage of 58,3 in comparison with 3 1.3 per cent in the control row. There 
was one plant iti row i which was cut back twice before infection was 
noted— once in the two-leaf stage, and again after the plant had headed. 
Finally a small secondary infected shoot was put out from the first node 
above-ground. 


Table IX. — Percentages^ of infected plants in eight wheat varieties inoculated with Uro~ 
cystis tritici, and ait back at variotis stages of groivthy in the greenhouse at Arlington 
Experiment Farm, Rosslytii Fa., in ig2i~-22 



1 

! 

1 Row number and stage when cut 

1 back. 

i .. 

Control. 


: C. I. No. 

i I 

1 

Twoleaf. 

; 2 

j 

1 Time ot 
j normal 

1 infection. 

Heading. 

4 

'Not cut. 


. . . . 1 


1 



Bimyip 

5012 

40.0 

40.0 

5S.3 

31-3 

Comeback 

4991 

90.9 ^ 

j 72.7 

84.6 

<'20.0 

Florence... 

5129 

So-o 

1 50-0 

60.0 

31.6 

Sonora 

4293 

36.3 

1 23.0 

22.2 

25.0 

Pacific Bluest era . , ' 

3 «>i 9“3 

83-3 1 

' 43.7 1 

42.8 

33-3 

Flint 

6612 

54-5 i 

26.6 ! 

15. I 

41.2 

Fultz 

3598 

40.0 1 

77-7 i 

WvS 

18.8 

Jones Fife 

560S 

64.2 1 

1 

.{ 4-4 1 

46.6 

42.9 


« Normal infection. An additional 73.3 pt*r cent of the plants showed infection in small sccondaiy shoots 
which appeared after the first ctilms liad matured. 


A S'tlikiiig difference in infection percentages was vSliown in tl.ie various 
rows of Comeback. It will be noticed from figure i that by the time 
'there was 72.7 per cent of infection in row.i there was 15.3 per cent in 
row 3, 9 per cent in row 2, and 20 per cent in row 4. None of the plants 
in rows 2, 3, and 4 had been cut back at this time. After all infected 
plants had l3eeii removed from the four rows the remaining sound plants^ 
in row 2 were cut the same day. Row 3- was cut back about one month 
later. Small shoots soon were produced at the crown and nodes, and 
many of 'these 'were infected with flag-smut sori. The dot'ted line in. 
row 4, or 'the control, represents the infections which appeared i'li the 
small secondary shoots which were produced after the ciiltiis were prac- 
tically mature. 

Row I, .sown to Florence, produced' 18.4 per cent more smut than the 
control, and the period of smut maturation was reduced by 30 days.. 
Sixty per cent of the plants in row 3 were infected. This was the iiiaxi- 
muin for this variety, and exceeded by 28.4 per cent the infection recorded', 
for the control row. 

The final, percentages of infection for. Sonora did not show ■ great differ-, 
ences. Row i produced 36.3 per cent, or 11.3 per cent more' infection 
than developed in the control row. Row 2 contained 23.0 per' cent of 
infection' in comparison with 25.0 per cent in the control, but it should be^ 
noted that the total percentage of smut recorded for row' 2 had developed 
22 , days before infection appeared in'.row ,4,, and,: 73 .days before the last.' 
infected. plant,"was' noted in row' 4. '■ ■ Although "row i ' showed highest 
percentage of infection,, no lesions app'eared in row 'r, until 13 days after' 
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TabI/B X. — Infedion of wheatj spelt, and emmer by Urocystis tritici produced by inoculat- 
ing ike seed 11:1111 dry spores and sowing in the greenhouse at Arlington ExperimeMt 
Farm, ' Ross ly ft > Fa., during one or more of ike three years, igig, ig20, and ig2i 


* 



1929-20 



i 920 ~ 3 r 


1921-23 















" 

Average number 


Source 

or 











of infected plants. 

Crop and 
variety. 

Plants. 

Culms. 

Plants. 

Culms. 

Plants. 




C. I. 




























No. 


In- 


la- 


In- 


Inf 


In- 

Yea« 


In- 



Total. 

feet- 

Total. 

feet- 

Total. 

feet- 

Total. 

feet- 

Total. 

feet. 

aver- 

Plants,; feet- 




ed. 


ed. 


ed. 

. 


ed. 

ed. 

aged. 


ed. 

WmTUR 

WHEAT. 





„ 





No. 



' No. 



*Yo. 

p.a. 

iV<J. 

P. €l. 

No. 

P. ct. 

No. 

P.et. 

P. ci. 


P.cl 







50 

60 


293 

60s 

931 

0.3 

9 

II. I 

•:> 

2 

3.4 

aS. 6 

Flint 






25. 0 

0 

17 

14 

41. a 

0 

2 

22 

Fill caster. .... 

6162 

35 

0 

i6s 

a 

44 

0 

3 

0 

0 








269 





6 





- 







18.8 


66 

a 

58 4 

Oipsy ......... 

=^=> 70 . 






53 

59 

116 

3.8 

291 

1.0 

16 

0 

2 



kaS 

5957 





6.S 

, 366 
1,094 

1. 1 

17 

104 

5-9 
88 . 5 


s 

6.6 
89. 9 

Harvest Qtseen 

48 

85.4 

434 

79.5 

93-1 

87. 1 

3 

241I 

Bo.... 

111 . 


73.6 










I 

.31 

I 

75.6 

Honor - 




52 


290 

0 

8 

13.5 

0 

3 

Hussar 

4S43 

6 SS .3 

S 4 o 6 

5608 

5146 







46 

1 

0 


Do 



i i 



29 

14 

14 

0 

1 



11 lini Chief 




58 

0 

348 

284 

369 

350 

0 

0 


0 

0 

Jones Fife 




45 

54 

61 



86. 7 

75.7 

48.9 

? 

4 S 

76.3 

2. 2 
S.a 


•J-, 

5-4 ; 217 

.9 





Si 


9.8 

2. 0 







Do 






60 

0 

X 

0 

Mealy. ....... 

3824 

45 

2. 2 

196 

1. 0 

S 3 

T^. 0 

273 


IS 

13.3 

3 

13 

ro. 6 

P-1066 

S-S79 

sSSo 

3489 









6 





P-106S 



1 




IS 

14 





Poole 

46 

0 

2S9 

0 

S6 

0 

313 

0 

0 

3 

0 

0 

Purplestraw . . 
Red May. . . . . 

19^5 

5596 




66.1 

425 

242 

42. 6 

0 



X 

41 

0 


39 

0 

229 

c 

45 

0 

14 

0 

3 

0 

Red Rock 

5976 

43 

0 

232 

0 

SO 

0 

267 

0 

13 

0 

3 

0 

0 

Red Wave. 

i 5582 { 
! 3527 ! 




48 

7 ^ 9 


36.1 




,35 

72. 9 

Treadwell i 







0 


’Turkey | 

5966 j 






58 


48.5 


17 





SPRING i 

WHKAT. 















Baart. 

1697 ' 

45 j 
43 

35-6 

93.0 

251 

asn 

17. 1 
84* 0 

55 

124 

29. 1 
98.4 

219 

541 

9. 1 
94 - S 




32 

iSS 

32.0 

95.4 

Bob.s.. 

1 4990 i 

30 

86 . 7 

3 1 

Btmyip i 

; '5012 1 

49 I 

2. 0 

158 

.6 

59 

5 . 1 

177 

1.7 


31-3 

3 ' 

9 

7.3 

Cedar ! 

4117 I 

52 : 

0 

210 

0 

60 

6.7 

221 

2.3 

I 

14 

28.6 

3 ; 

1 8 

6.3 

Chui ' 

2227 
4991 i 





6a 

64 


258 

223 





\ ^ ' 

2.6 

Comeback i 

48 ^ 

0 

211 

0 

«.S 

14-8 

IS 

93.3 

3 i 

i 42 

33 - 1 

Cowra No. 3 . . . ! 

4119 i 

41 ' 

92.7 

264 

89.8 

47 

87. 2 

370 

81.4 

31 

0 j 

3 

1 79 

66. 4 

CT n 

Defiance. 

Calif, 1 

43 i 

8 a 4 

317 

s^. J 

61 

34-6 

242 

176 

227 

0. c . 



1 S 3 

i 20 

Didd'OW 

3663 

64S0 

S'* O 1 




5*. 0 

EarlyB'efiancei 

43 

0 

183 

0 

SS 

0 

0 

17 

0 

I 

3 

1 ' ® 

0 

Florence * 

51 »9 

44 

0 

157 

0 

46 

13-0 

1S7 

3-7 i 

19 

31. 6 

3 : 

; 12 

II. 0 

Galgalos i 

Hard Federa- : 

3398 

.47 : 

0 

264 

0 

60 

0 

342 i 

j 

0 1 

16 

Q 

3 ' 

i 0 

1 

0 

tlon. ,i 

4733 

51 : 

7 a. s 


68.1 


98.2 

oitfi 1 

95*2 

26 

So. 8 

3 i 

113 : 

83. 0 

Dittle Club. - . . j 



23^ 

4066 

, .50 j 

2. 0 

23s 

-9 

56 

100 

324 1 

95-7 1 

45 

97.8 

3 i 

101 

6& 9 

Marcitus. 

3641 

. SI i 

7.8 



63 


270 j 



3 1 

'6 

Pacific Blue- 


■ 


1. 1 j 

15 

0 


4. 7 




stem 

3019-3 

: 48 ^ 


206 

I.S 

61 



1.8 ' 


33*3 

3 


7.4 

Peliss 






1584 

19'70 ■ 

4293 : 





SS 

64 


169 
■ 322 




PropO'. ........ 

! 51 

3 S. 3 

347 

18s 

16.6 

62. s 
29, S 

51. 9 
8.5 

. i 


* 

58 


Sonora ........ 


16 ! 

25. 0 


50. 4 
17. 7 

i 

'.mite Federa- 

1 ^ 

1 




27a 

3 

22 

tion. . ....... 

4981, 

1 45 

SS. 9 

207 

84 .. 5 

so 

100 


00 2 

39 

97 * 4 . 


128 

1 95*5 




V • 7 

3 

EMMRR. 






■ 



1 





1 

Black ..'Winter, 

2337 ., 

1 j 

40 

0 

■108 

0 







I 

0 


■■ 




' 

. 


1 







idrtreuttt 

j 1773 

30 

ra 0 

j 197 ' 

3. 0 



j. 

L . . . . .. 








! 


j 




r * •* 


3 



The percentage of infection for the saipe strains of was 

found to be mnch higher when grown in the greenhouse than 'when grown 
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in the field. Tisdale, Dungan, and Leighty (15) give the average per- 
centage of infection for the different varieties grown in the field for a 
number of years. The same strains of some of the varieties grown by 
them in the field also were grown in the greenhouse by the writer. The 
average percentages of infected plants grown under both field and green- 
house conditions are given in Table XI. 

TABI. 1 S XI. ---Percmtage of infection of the same siraim of wheat, spelt and emmer inocu^ 
Med with Urocystis tritici and grown in the field at Granite City, III., and in the green 
house at Arlington, Experiment Farm, Rosslyn, Va.,in the same three years, igig, ig20, 
and igsi 


Variety. 


WHI5AT. 

China 

Dawson. 

Fiilcaster ^ 

Fultz 

Gipsy 

Coens 

Harvest Queen 

Do 

Hussar 

Illini Chief 

Jones Fife 

Kanred. 

Martin 

Mealy, 

P-1066 

P-1068 

Poole 

Purplestraw 

Red May 

Red Rock. 

Red Wave. ....... 

Treadwell 


SPELT, 

Alstrouni 



Field, 

Greenhouse. 

Source or 





C. I. No. 

Average 

Number of 

Average 

Number of 


infection. 

years 

infection. 

years 



grown. 


grown. 


. 

Per cent. 


Per cent. 


I So 

1.6 

2 

3*4 

2 

6161 

5.8 

2 

1.7 

3 

6162 

1.2 

3 

0 

3 

3598 

2.5 

2 

58. 4 

3 

SS 79 

•7 

3 

2.9 

3 

342S 

2.5 

2 

6.6 

3 


24.9 

3 

89.9 

3 

111. 

18. 1 

I 

75,6 

I 

4843 

0 

I 

0 

1 

5406 

3-0 

2 

0 

3 

5608 

4.8 

2 

76.3 

3 

5146 

2.5 

3 ; 

2.2 

' 2 

Wn. 1092 

0 

1 1 

0 

: ^ 

5824 

7*3 

1 2 i 

1 10.6 

!■ ,3 

5879 

•3 

2 , 

1 0 

1 I 

S88o 

! 0 

1 2 ; 

1 0 

■ ^ 

3489 

Trace. 

! 3 j 

0 ! 
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191S 
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i 2 i 

66.1 i 
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1 5 S 9 <> 

1 I.O 

1 2 1 

0 ■ 
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.2 

i 3 1 

1 0 1 
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Many, of the varieties , which were free from ' infection when grown 
in the greenhonse were reported as being .-slightly susceptible in the field. 
On the other hand, one of the most susceptible varieties, Harvest Queen 
(Red Cross), had a three-year average infection of 24.9 per cent, in the 
field. The same strain of Harvest Queen grown in the greenhouse during 
the same three years had an average infection of 89.9 per cent, or a differ- 
ence of 65 per' cent. Other varieties which showed great differences in 
percentages of infection were Fultz, Jones Fife, Furplestraw, and Red 
Wave. ' The' fact that ' the area quarantined' for Sag smut is,' located 
in the ' winter- wheat section has precluded , any experiments on varietal , 
resistance-of'Spring wheat in the fiield. , ■ ■ 
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vSUMMARY 

Flag sinut of wheat occurs in the United States, Australia, Japau, 
China, South Africa, Italy, and Spain. Although heavy losses have 
been reported from other countries, it has been estimated that in the 
five years that flag smut has been known in the United States there havS. 
been less than 2 per cent of loss in the infested areas. 

Flag smut of wheat is caused by Urocystis tritici Kcke., which produces' 
sori on the leaves, stalks, and glumes. ■ Badly infected plants do not. 
head. The spores do not germ.inate readily in tap or distilled water,, 
and special conditions are necessary for uniform germination. Spores- 
kept under laboratory conditions were viable for at least four years. 
They are able to live through the winter in the soil in the vicinity of 
St, Louis, Mo. These overwintered spores are capable not only of ger- 
minating but of infecting wheat plants. 

Sowing inoculated i-’^dieat at successive dates in the fall at St. Louis,. 
Mo., resulted in a general decrease in the percentages of infection. There 
was no infection in the sowing of November 14 or in later sowings. 

Infection occurred at 6 ^ to 12"^ C., 17^ to 19*^, and 21.5*^ to 23.5°, but 
did not occur at 25° to 26.6°. The highest percentage of infection 
occurred at 21.5'^ to 23.5°. The most favorable stage of growth for 
infection was in the seedling stage before, the coleoptile was broken and 
before the seedlings emerged from the soil. 

Infection occurred either earlier or in a greater percentage in a few 
varieties which had been inoculated and cut back at different stages of 
growth than in the same varieties which had not been cut back. 

Fulcaster, Poole, Red May, Red Rock, Early Defiance, and Galgalos 
remained smut-free during the three years of tliis experiment; Illini Chief, 
Treadwell, Turkey, and Peliss, grown for only two years, also were smut- 
free. The percentages of infection of susceptible varieties grown in the 
greenhouse were considerably higher than those of the same strains grown 
in, the field. 
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PLATE I 

A. — ^Upper leaves of a wheat culm infected with U rocysiis ifiticij showing the long 
stripesj or son. 

B. — An enlarged portion of a wheat leaf infected with UrocysHs iriticit showing the 
smut soli, 

C. — ‘Flag smut lesions on the lower glumes of an infected wheat head (a), and on the 
leaf sheath 

B,-— Lesions of Umcysiu triiki on the lower glumes (a), the rachis {h), and the upper 
part, of the culm {c). 

(4S°) 
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PLATE 2 


Gertninatioji of spores of Urocystis tritid. 

All figures were photographed with 4-imn. objective and No. 10 ocular by Miss Ruth 
Colvin, Office of Fruit-Disease Investigations, Bureau of Plant Industry, United 
States Department of Agriculture, 

A. — Spore balls, each with one or two spores, invested by sterile cells. 

B. — Germinating spore with promycelium. 

C. — Germinating spore with sporidia just forming at apex of pi*omyceUum. 

D-E. — Gerpainating spores wi-^ sporidia. 

F.-— Sporidia elongating, forming the so-called infection threads (a). Two sporidia 
(5) did. not elongate. 

: ' C.—Spore ball with two spares genninating, eacli with sporidia at the apex of the 
promycelium. 

H. — Spore ball with four spores in different stages of germination; (a) sporidia be- 
ginning to elongate, (b) sporidia just forming, (c) sporidia formed, and (d) sporidium 
elongated to fonn an infection thread.' 

I. — ^Threesporidia, each with a secondary sporidium. 



PI.ATE 3 

ctit-back' 'plant of 0>meback wheat lowing an infected ^oot (a) arising 
from the second noae of one of the culms. 

An cnlargemejit of a portion of the secondary shoot (Aa), showing the typical 
elongated.' smtit. sort. ■ 







STUDIES ON THE PARASITISM OF UROCYSTIS TRITICI 
KOERN., the ORGANISM CAUSING FEAG SMUT OF 
WHEAT ‘ 

By ROBERT J. NOBLE® 

Assistant Biologist, Department of Agriculture, New South Wales ^ Australia, formerly . 
Collabofator, Office of Cereal Investigations, Bureau of Plant Industry, United States 
Department of Agriculture 

INTRODUCTION 

: -Flag smut of wheat is a disease which now occurs in a number of the 
important wheat-growing regions of the world. It has been known to 
exist in certain countries for many years, in others it has appeared for 
the first time only recently. In some countries and in some localities, it is 
not regarded as a very serious disease of wheat, but in others it is a dis- 
ease of major importance, and its mmacing spread is viewed with, some 
^alarm. 

■ The disease- has been studied by investigators -from time to time, but 
many essential points are lacking in our knowledge of the reaction of the 
pathogene to its environment and its relationships within the host. The 
present studies, therefore, were directed toward an elucidation of some 
of these phases of the parasitism of the causal organism, Urocystis iriiici 
Koem. 

HISTORY, GHOCRAPHIC DISTRIBUTION, AND ECONOMIC IMPORTANCE 

. Flag smut is one of the most destructive diseases of . wheat. Under 
certain conditions it may exist in- a locality for several seasons before: its 
presence is suspected; and sometimes- the disease has only been -discov-* 
■ered. after it -has become epidemic,. . : , : 

'McAlp-ine (29) ^ states that flag smut' was first .recorded from South- 
Australia in 1868, altliough there is evidence that it was , fahly wide-, 
spread before that time. The - disease has now "been reported in Aus- 
tralia from Queensland., New South Wales, Yictoria, ^ and 'South Aus- 
tralia. There is ,as yet no record of.its'occurrence in Western Australia 
or Tasmania. . , 

'' The disease Was . r by Hori ( m japan in 1895,' and Syd’ow 

'and ' Butler '(47,';^-,, 42-0,,. recorded it from Lyallpur, India, .in 1906. Reed 
and Dungan (42) report that it- occurs in southern Europe^^^. R C. 
Stakinan collected wheat - affected with flag smut at Rieti, ' Italy, -.-June 
21, ,-192,2. , 


I Received -for- DuS!!,catioQ Nov. 23 , 'i9»3. -The-.investigatloji herein, reported was carried on ,wMIe the 
writer waS:a'Mler t»veHng’researdi-scho&ro£ the -University- of .Sydney. AustraKa. It was made possible 
' by awiperative arrangement, w'ith the .Btireau' of Riant Industry, U. S. Oepatftment of Agrioiltnre. The 
" work was done ' .at the University nf Minnesota, ' . 

.- s 'The" writer takes , pieasnre : in acknowledging .'his- indebtedness to Ur. E. C Stakanan, of the Uepart- 
'xhent '-of Tlant 'Pathology, Universitv of Minnemta. for advice and helpful criticism during the progress 
ci, the -'investigation. The,, writer, also.'.is. indebted to-,M.arta"A.,Orij05ths, -.of the Office of Cemal Investip!.* 
'ti,ons» 'Bureau ,df', pi,ant,, Industry > U., & Bepartic^nt of Agri.cnltnre, who ,is conducting studies 
f«''Saggestions: and -ac^gSi to'- her notes In June, ir, .-.v,:,----, 
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Putterill ( 40 ) found tlie disease in the Marico district of the TransYaal, . 
Soiith Africa, in 1920. He states that it has probably been present a 
number of years and tliat, although the total loss is not great, 50 per 
cent of the plants may be affected in some fields. Flag smut also is 
know to occur in China (49, 50). ■ 

■Flag smut was found in the United States for the first time in May, 
1919, according to Humphrey and Johnson (19). It was found then in 
a number of fields in the vicinity of Granite City, Madison County, III 
As a result of a survey made in 1920, the disease was found over an area 
of approximately 47 square miles (31). In 1921 the quarantine zone was 
extended to include 61 square miles. It is pointed out, however ( 43 ), 
that this is not necessarily due to spread of the disease but tliat a more 
intensive survey was possible, in 1921. . 

The relative importance of the disease varies, considerably in the vari- 
ous countries in which it is now known to exist. It would appear that in 
xiustralia the conditions necessary for the perpetuation of the pathogene 
have been especially favorable, for in that country flag smut is of the 
greatest importance. 

In 1891, Cobb (9) stated that the disease was a serious plague. Brittle- 
bank (4) in 1920 states that the prevalence of flag smut has increased to 
an alarming extent in recent years throughout the wheat-growing areas of 
Victoria, Australia. He states that since stem rust may ruin a crop in a 
few days under favorable weather conditions, many have considered it , as 
the most destructive disease of cereals in Australia, but flag smut annually 
takes a toll of from 5 to 70 per cent of the crop, so that the total amiual loss 
from rust sinks into insignificance when compared to that caused by 
flag smut. 

Bartlett (2), in a report on a district wheat crop competition in New' 
South Wales, Australia, in 1922, states that flag smut considerably 
reduced the yield of many crops, and mentions losses as high as 30 per. 
cent of the crop in certain fields. 

The amount of damage caused by the disease in any particular locality 
in a given year often may be closely- correlated' with environmental 
conditions and cultural practices. Hence, although it is not possible to 
give an accurate estimate of the total losses due to fiag smut in Australia, 
there is sufficient evidence to show that the disease is widespread in the 
States concerned, and -fairly conservative estimates ' place the average 
annual loss for Australia at 3, per cent. 

, ,,■■’■'■ The situation in India'is one of ^eat' interest. Butler (7) states that 
the disease is confined to the Punjab., It has been many years since it 
was. first recorded from that country.,, and, although apparently there 
have been opportunities for the disease to spread to -other localities, it 
■ has not been found in any other wheat-growing areas. ' 

'^, HaskeIl, according , to , Stakman .(45, p, 162-164), repoils that .- the 
..disease may -cause considerable' damage in- western Illinois, where as many 
'as, 25 per cent of the plants have been diseased in certain fields. ,..' How-' 
ever, although the knowa- region' of '.infestation is apparently increasing, 
the disease evidently is -being held in' check or even reduced on individual 
farms. 

THE- DISEASE 
SYMPTOMS , ' 

^ first symptoms are more or less elongated grayish or dull -white 
i stripes on the young leaf. ■ These, stripes are slightly, raised above the' 

k 
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general surface and are usually first apparent on the lower side of the leaf. ' 
They vary from a few millimeters to mapy centimeters in length, (PL i, B) 
.and usually are between the vascular bundles, although occasionally they 
appear between the vascular bundle and the epidermis. More rarely the 
peduncle (neck) and inflorescence are attacked (PL i, C). The stripes 
change from white to dull gray in color, usually from three to four days 
after the first appearance of the lesions. 

The stripes represent individual sori of spores. These sori may remain 
unbroken for several weeks or less, depending on environmental con- 
ditions. The epidermis eventually ruptures and exposes the black mass 
of spores within. The lesions may appear on plants of practically all 
ages. McAlpine (ap) reports the first production of new spores on plants 
40 days old. The earliest production of spores observed by the writer 
occurred on the fifth leaf of a young seedling 29 days after inoculation. 
Occasionally the parasite gains the ascendancy just as the culms of the 
host begin to elongate rapidly. 

Usually the organism causes considerable stunting of the plant. The 
leaves become characteristically incurled and twisted, and the plant may 
be considerably deformed (PI. t, D). Even if heads are formed on 
affected culms, they usually are empty or produce only badly shriveled 
kernels. Plants which are severely attacked when young may be killed 
before the unaffected plants are mature; hence their loss easily may be 
overlooked at harvest time. Frequently not all of the culms are equally 
severely affected. Many instances have been observed in which normal 
culms have grown to maturity, although others have been completely 
destroyed by the parasite. In studies on such plants, under green- 
house conditions, it was observed that these unaffected shoots were 
those first produced by the plant and that the later-tillering shoots 
frequently became infected. 

THK CAUSAL ORGANISM 

/Flag smut of wheat is caused by Urocystis iriiici Koern.*"' It was first 
designated by Wolff (57) in 1873' ^ (Wallr.) Rab., and the 

early records of the disease refer to. it under this name. Koernicke {23, 
Bd, 16, p, 3 ' 3 s 4 )i in 1877, first described it as a separate species. The 
morphological and physiological differences between U, occulta, which 
causes stem smut of rye, and tJ. tritici were again noted by McAlpine (ap). 

Koernicke (25), McAlpine (ap), and othersliave described' the morpho- 
logical characters of the spores of tritici. ■ The latter may occur 
singly or in spore balls, which contain a variable number of spores, al- 
though from two to three spores are found most frequently in the ball. 
The spore balls are dark brown in color and variable in shape, though 
most frequently globose.' They ■■usually vary from 18 to 32 in length 
and from ,18 to 4,5/i in breadth. The individual spores are spherical or 
somewhat oval in shape and vary within .the size limits .of 12 "to i6/x by 9 
to icju. , The spores which occur'singly, and the spore balls also, are most 
frequently completely invested with a layer of sterile peripheral cells, pale 
brown inxolor, globose or ellipsoid in shape, and of dimensions , 7 to 
by 5 to 9 m (PL ,3, H). 

McAlpme'(2p) has described some of the features of , the germination of 
the spores. ■■ The writer (55) has recently described further phenomena 
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wMcli may occur during germination. Eacfi spore may produce a pro- 
myceliiini, usually about jojx in length, which characteristically produces 
several prolongations which are usually considered sporidia. -The spo- 
ridia are usually 30 by 5/1 in size, il variable number may be produced 
on the promycelium, alliough from two to four occur most frequently* 
These structures may be formed under the surface of the medium, in 
which the spores are germinating, at the surface of Ae medium, or in the 
air when only a portion of the spore is in contact with the- substrate. 

Wolff (57) mentions that the germ tubes produced by the sporidia of 
Ufocystis occulta may become detached and then may be widely dis- 
tributed by air. The writer has not observed that the sporidia or tiie 
sporidia! germ tubes of t/. tritici ever become detached. The sporidia 
characteristicahy germinate while attached to the promycelium. A germ 
tube is produced from the tip of the sporidium. It is fairly constantly 3 
microns in width and under favorable conditions it may grow to a con- 
siderable length (from 3 to 4 mm. in solid nutrient media). The sporidia 
were observed to fuse occasionally, although this did not appear to be a 
characteristic' feature at germination. 

PHYvSIOLOOICAL STUDIES 
INTRODUCTION 

There is little need to stress the importance of a knowledge of the con- 
ditions which govern germination of the spores of parasitic fungi. Other 
conditions being favorable, the severity of an outbreak of a disease fre- 
quently is determined in the first instance by the number of spores which 
cause infection of the host. As it has been shown that epidemics of flag 
smut frequently are traceable to the presence of viable spores in the soil, 
and as, under those conditions, control by present known methods of seed 
treatment is not possible, it appears especially desirable that we should 
have a more complete knowledge - of the reaction of the pathogene to its, 
environment, for the factors favoring germination and subsequent growth 
of the fungus must necessarily be dosely related to those primarily re- 
sponsible for the development of the disease. 

The spores of Urocystis tritici have long been known .to germinate 
capriciously. The writer (55) has referred to the difficulties experienced 
in obtaining results from spore germination studies and has described a 
method of stimulating spore germination. ■ Spores which had been pre- 
soaked in water for several days germinated readily after the addition of 
small quantities of certain plant tissues. Tissues from wheat and rye 
'plants were found to be the most effective. 

Although .not a characteristic feature of the spores of all smut fungi, 

' those, of many species- do ,not, germinate .readily.- Potter .($ 8 ) speaks of 
' ■ the difficulty experienced in attempting to germinate spores oiSorosporium 
, (Ku^n.) ,',McAlp.,' .In repeated., tests, in .different seasons and 

," at various ti,meS' of the year, -he noted only slight and, itT,egular germina- 
tion, and states that , 'rarely did. more than 15,, per cent of the spores, 
germinate. 

Walker and Jones (52), in a study 'On Urocystis cepidae'^mst, state that 
'Hhe germination of &e fungus spores has been so - scanty that .-the' 'effect 
of temperature upon the fungus has been necessarily limited to inocula-^' 
tion experiments with infected soif 
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Stakman (43) records that neither Kiihn nor Brefeld was able to 
secure germination of fresh spores of UsUlago zeae (Beck*) Ung., hut 
that Brefeld secured germination in nutrient media, although tlie 
spores did not germinate in water until the following spring. Stakman 
found also tliat, with the exception of one spore lot, a rest period was 
required before the spores would germinate. In a review of germina- 
tion studies on Tilletia levis Kuhnand T. tritici (Bjerk.) Wiiit., the 
same investigator reports the uncertain and capricious germination 
observed by Prevost, DeCandolle, Tulasne, Kuhn, Fischer von Waldheim, 
and ■Brefeld. Stakman {43) reports also that he was rarely able to 
secure germination of fresh spores, although he was successful in one 
instance (20, per cent being recorded) and then only , when distilled water 
was used, but that after the spores had passed through a rest period of 
about eight months' duration almost 100 per cent of them germinated. 

It is recognized that distilled water is not always a satisfactory medium 
for the germination of spores, but this apparently is not always a limiting 
factor, for it is sometimes as effective as a “nutrient solution," and some- 
times even more effective. 

MATERIAL AND METHODS 

The methods used were essentially 'the same as those previously re- 
ported (33). Germination studies were made in Syracuse dishes con- 
taining up to 5 cc. of medium. 

The spores used in practically all the tests were obtained from material 
collected in Illinois or from material produced in the greenhouses of the 
United States Department of Agriculture at Washington, D. C, This 
material was not more than 12 months old when used in the tests. Spores 
from material collected in Australia' and - Italy were used' in a number 
of confirmatory tests made from time to time. 

maturation 

Reference already has been made to the fact that the age of the spore 
is sometimes a factor in determining its viability. A rest or maturation 
period apparently is necessary before the spores of many fungi can 
germinate. The teliospores of Puccinia graminis and the oospores of 
many Phycomycetes are familiar examples. 

Davis (ii), in germination studies on spores of Ustilago siriaeformis 
(West.) Niess., states that the spores germinate when properly after- 
ripened. “The spores pass through an after-ripening period varying 
from 180 to 265 days." The period of germinability is from 53 to 210 
days, and “ nourishing solutions and decoctions are of no visible value 
in forcing the germination of these smut spores." 

McAlpine (29) reports the result of germination studies with UrocysUs 
tritici and has suggested that the age of the spore is a possible factor 
governing germination. He states; “Spores were taken from the 
wheat plant immediately after maturity and placed' directly .'in water 
on, a slide, but they did not gefminate. ' With material,.' however, about a 
month old, and kept seven days on soil, a small proportion of' the spores 
germinated in water after 24 hours." ' He obtained, up "to'' '40 per,;cent' 
of germinating spores in material several months old. 

' 74026—24 3 
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The nature of this after-ripening'' period is not knowiij although 
it generally is assumed to be analogous to tlie after-ripening period of 
the seeds of many higher plants. It is possible that with many fungi 
this period is necessary in order to enable certain changes to take place' 
in' the protoplasmic contents of the' spore or spore wall. 

In experiments designed to hasten the after-ripening process in telio- 
spores of Pticcmia grmndnis, Thiel and Weiss (4S) secured gerininatioii 
of the spores after preliminary treatment with dilute citric acid, several 
months before germiiiation could be obtained by ordinary methods. 
They report the work of Crocker, Eckerson, Denny, and others on after- 
ripening ill' seeds and permeability of seed coats, in which it has been 
shown that gerniiiiation may be delayed until certain definite physiologic 
changes have taken place in the embryo, or, in other cases, until the 
seed coats become permeable to water and oxygen. 

Thiel and Weiss state that the stimulus to germination of teliospores 
apparently w-as not the result of increased permeability of the spore wall, 
but rather that the citric acid appeared to function as a specific activator' 
of the protoplasm. However, similar treatment of spores of Urocystis 
iriiici did not materially increase the amount of germiiiation. 

Harrington {14) has discussed the effect of artificially drying by 
heat in hastening the germination of seeds of various cereals which had 
not after-ripened. Many investigators have mentioned the beneficial 
effects of sudi a procedure. A somewhat similar effect after drying in 
vacuo or over sulphuric acid also has been observed. 

While studying the effect of temperature and relative humidity on 
the viability of the spores of Urocystis iriiiciy the writer obtained some 
interesting results on the effect of drying fresh spores which had been 
produced under greenhouse conditions. 

Certain infected leaves were closely watched for the change of color 
in lesions. Two days after the lesions had changed from a whitish gray 
to a dull, leaden-black color, the infected leaf was removed, cut into 
strips about i cm. in length, and then dried for 48 hours at room temper- 
ature (18^ to 22® C.) in a dessicator over concentrated sulphuric acid. 
At the end of this period the spores were shaken out from the leaf section 
onto the surface of a few cubic centimeters of ' distilled water, in the 
manner already referred to, and after three days small quantities of 
young wheat tissue were added. Eighteen hours, later, from 60 to 70. 
per cent of the spores had germinated. In control dishes, spores obtained 
from the fresh, undried lesions failed , to germ,mate on the addition of 
'Similar amounts of young tissue. Four weeks later, when the infected 
plants were removed, the sori in the remaining leaves were still unruptured. 

It is not known whether there was any efect on the internal composi- 
tion of the spores or whether the treatment merely acted on the spore 
envelope,^ possibly removing certain substances from , its surface and 
th,ereby facilitating the ingress of . water necessary , for germination. 
However,' it apparently had the effect' of shortening the maturation 
period,' which previously had. been considered ' as essential before the 
spores would germinate. 

It is thus evident that caution should be exercised in stating that 
certain defini'te maturation ,periods are necessary, unless ,„the. environ- 
mentd conditions are known., 'Attention' is, drawn "to',this',fact'elsewhere 
id this paper in a , discussion of '^the effect' of chemical, stimulants on the 
spore. 
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ACTION OF PLx^NT ROOTS 

It is noted by the writer (35) that the addition of iiriiijured wheat 
seedlings to dishes of distilled water containing presoaked spores stimu- 
lated germination almost to the same extent as did the addition of small 
portions of plant tissue. 

Several investigators have reported that the presence of the host mhj . 
profoitiidl}^ affect germination of spores of parasitic organisms. 

Brown (5) has observed tliat drops of distilled water placed on the 
surface of leaves and floral structures of a number of plants stimulated 
the germination of spores of Botrytis cinerea Pers. This stimulation was^ 
correlated with an exosmosis of electrolytes from the host tissue, as 
indicated by increased electrical conductivity of the drop. 

Chupp { 8 ) states “that the spores of Plasmodiophora brassicae Wor. 
do not germinate at ordinary room temperatures (16^^ to 21*^ C.) but do 
so readily when placed in test tubes on agar with young cabbage seed- 
lings. The presence of the host seems in some manner to exert an 
influence which to a certain extent takes the place of that offered by a 
greater amount of heat.'’ 

Among some phanerogamic parasites, also, there is evidence that the 
presence of the host may be necessary in order to supply the stimulus 
for germination of the seed of the parasite. Duggar (12) has called 
attention to the work of Koch and Heinricher on germination 
of seeds of Orobanchaceae. Heinricher makes the interesting observa- 
tion that the seeds of the parasite germinate in “periods of greatest 
humidity ’’ when in the presence of the host plant. A substance excreted 
from the host plant evidently furnished the necessary stimulus, although 
its nature had not been determined. 

More recently McWhorter (52) records the work of Kusano on 
Aeginetia indica, an Orobanchace parasitic on sugar cane. Kusano 
observed that “the seeds of the parasite lie in the soil for months waiting 
for the rootlets of some holophytic plant to come near enough to furnish 
the stimulus necessary for their germination. They can not germinate 
until the actual contact with a suitable host is attained. The roots of 
the wrong host will make the seeds start germinating, but tliey can not 
complete germination until the roots of a suitable host find them.” 

In further tests with spores of Urocystis tritici it has been found that un- 
injured seedlings of other plants, namely, field peas and beans, stimulated 
tlie germination of spores which had been presoaked in distilled water, 
although the percentage of germination was not so great as in the in- 
stances where wheat or rye seedlings were used (Table I). These 
spores did not germinate as rapidly' as. those of the cultures in which, cut 
tissues were used. It is an interesting fact, however," that so many 
spores germinated, and particularly that nonsusceptible plants should 
have such a marked influence in this respect. The results are given' in' 
Table I. The spores were sown on April 4, incubated at 22° C., and the 
different seedlings added on, April 10. . . 
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TABt'S I. — Effect of liinnjnred plant iisstie on the germination of sporeo of Urocysits 
trilici presoaked in disiiiled water 

^ * ■ 

i Percentage ct germination on — 

Num- i ' 



It is possible tliat such a relationship may have a very fundamental 
bearing on the question of the epidemiology of the flag-smut disease. 
The soil solution is of complex and varying composition. Laboratory 
studies on the germination of spores in soil extract solutions also have 
shown that the spores will germinate more profusely on tlie addition of 
young tissues of various plants. Hence, although it is not possible to 
duplicate soil conditions in the laboratory, it would appear that at certain 
times certain facts observed under controlled conditions in the laboratory 
may at least be duplicated in the field. When there is adequate moisture 
in the field, the presence of actively growing plant roots alone may be 
expected to stimulate the germination of many spores of Ufocystis tritici 
and thus reduce the amount of viable inoculum betw’-een successive crops 
of the susceptible host. It is a matter of common observation that, under 
normal conditions, when supplied with an adequate supply of oxygen, 
plant roots excrete carbon dioxidpwhen insufficiently supplied with 
oxygen, the products of anaerobic respiration are carbon dioxid, alcohol, 
and various organic acids, such as formic, acetic, and lactic. 

It is apparent that the most marked stimulation of the spores is to be 
expected when the environment causes a certain amount of anaerobic 
respiration of the host roots. It is not known whether the organic acids 
or the alcohols are primarily responsible for the germination observed, or 
whether certain other constituents of the' plant are effective, ' for subse- 
quent studies have indicated that small amounts of other volatile sub- 
stances are effective in this respect also* 

nmnet ov' pnAKX tissue Bx^RActs 

■ : Reference has been made to the fact that young tissues of ' a number of 
plants stimulated' germination of' presoaked spores of Urocysfis tritici. 

A number of investigators have observed that plant decoctions form a 
very suitable medium for the germination of spores of many organisms. 
Anderson (j) has shown that the germination of pycnOvSpores of Endothia 
parastUca Murr. is slight and uncertain when sown on tap water, rain 
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water, or distilled water, but that they germinate readily in a decoction 
of chestnut bark. The action of chestnut, bark was not specific, for 
decoctions of material from trees belonging to other genera, 'and various 
nutrient agars, produced the same effect. 

Teach {26) found that spores of Colletotrichum lindemuiManttm (Sacc. 
and Magnus) Briosi and Cavara germinated poorly in distilled water, but 
readily when small portions of the host tissue, were present. 

Whitehead (55) reports that spores of Urocystis cepulae Frost germinate 
slowly when sown in water, but much more rapidly and vigorously when 
they are sown in onion juice. 

In studies on the longevity of spores, Duggar {12) has shown that the 
spores of Aspergillus flavus Lk. and Sterigfnatocysiis nigra Britz would not 
germinate on the surface of distilled water, but when they were trans- 
ferred to a decoction of beans they germinated readily. Spores of this 
kind, however, are known to germinate readily on a wide range of 
nutrient media. 

Although plant tissues were so effective in stimulating the germination 
of spores of Urocystis tritici, the optimum effect could not be produced 
when the tissue was sown with the spores but only after the latter had 
gone through a “presoak” period. It is suggested that such procedure 
is necessary because of the nature of the spore wall and also because of 
the nature of the activating agent. The exact nature of the stimulatory 
substances in these instances is not known, but from subsequent tests it 
appears possible that a number of more or less simple substances may be 
operative. In the earlier tests several sections of wheat tissue were 
added to a few cubic centimeters of distilled water. Plant tissue de- 
coctions also were effective but these had to be in a suitable dilution. 

The concentration of the wheat tissue extracts will vary somewhat 
according to the conditions under which the seedlings are grown. In the 
following studies, seed of a number of common wheats was sown between 
sheets of moist blotting paper at 20° C. Six days later entire seedlings 
were ground in a meat diopper and the sap expressed with the aid of a 
hand press. It was found that a concentration of approximately i part 
per 10,000 was the most favorable for germination of Idie presoaked spores. 
At higher concentrations germination frequently was delayed. Promy- 
celia sometimes were stunted and. distorted and occasionally no spores 
germ.inated. 

The writer has recorded {35) that a steam distillate of a plant infusion 
also increased spore germination when satisfactoiy concentrations were 

used. 

Brown (6) has recorded the stimulative action of. eortairi' volatile 
products arising from the tissues- of a number of plants on the germination 
of spores of Botrytis cinerea Pers,, B. parasitica {allii)^ Monilia fruciigena 
Pers., Penicillium glaucum Lk., Fusarium sp. and, CGllecotrichum. -He 
concludes that “while no exact' rule can be laid down in this' respect, one 
can say broadly tliat some plants give good stimulation,.' others- less so.. 
In some instances volatile materials appeared ,' to inhibit the germination 
of the spores. ” He also studied the .effects of various chemical substances' 
on the germination of spores of Botrytis and states that '“a rough com- 
parison w’^as made of several ethyl esters by testing the effect of a.fe%v cubic 
centimeters of a, saturated watery solution of each and of '..a-,tenth dilution, 
of the same on the germination of Botrytis in Petri dishes. Tn all cases 
inhibition, was shown in the presence ,of the saturated, solutions, while 
stimulation appeared over the tenth saturated solutions of ethyl acetate, 

:, 'inalate, and citrate. Any furth-er comparison was not attempted. . . 
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Sitice it had been sho^ra that the materials which stimulated germina- 
tion of the spores of Uracyslis tritici were volatile In steam^ tests were 
made to determine if these materials would volatilize at' lower tempera'" 
tures. 

Presoaked spores of Urocystis tritici were placed on tlie surface of a feiv 
cubic centimeters of distilled water in Syracuse dishes. The dishes v/ere 
then placed in a vessel which contained a small quantity of expressed sap 
of wheat seedlings, and the container w'as then sealed. After i8 hours at 
22® C.j over 50' per cent of the spores had germinated in each of the three 
trials. There w^as no gemination in the controls. It is possible in 'these 
cases that the stimulus may have been derived from' some of the original 
constituents of the plant sap, or it may have been derived from some of 
the products of its decomposition, possibly organic acids, esters, or 
alcohols. , 

The spores of UrocysUs triUci did not germinate readily in solid media, 
although many diilerent nutrient substrata were used. However, pre- 
soaked spores germinated in wheat plant extract agar or in agar contain- 
ing appropriate: concentrations of the distillate from such extracts. At- 
tempts were made to sterilize the surface of the spores ' by rvashing them 
in one-half per cent solution of copper sulphate for periods up to two' 
minutes before transferring them to sterile distilled whaler for presoaking 
and subsequent transference to the solid media. 

Under these conditions it was not found possible to eliminate entirely 
all bacterial contamination. However, the spores produced norma.! 
sporidia, which in turn produced germ tubes which grew to a length of 4 
mm. after four weeks at 7® C. The manner of growtib was similar to that 
previously recorded in liquid media. The protoplasmic contents re- 
mained segregated at the tip, while the remainder of tlie germ tube 
became septate and apparently was devoid of contents. There appeared 
to be no increase in the amount of protoplasm in the germ tube. 

It is not known whether such germ tubes are capable of producing 
infection. There is the interesting possibility, however, that the infec- 
tion capabilities of the organism may be increased by such an extended 
growth period under' soil conditions. 

NATURE OF STIMULUS 

The identification of the activating constituents of the distillates of 
wheat-plant decoction is very difficult. The stimulus appeared to be 
most efficient when the distillates were highly diluted. The , distillates 
obviously are complex in composition and the individual components' 
might be expected to function very differently on spores exposed to their 
action. Several attempts were made to determine if the activating sub- 
stances belonged to any general group of chemical substances. “Func- 
tiO'Bart distillates were used, 1. -e., distillates in which presoaked spores 
germinated readily. These were acidified with sulphuric acid, and redis- 
tilled. ^The original distillates also- were .made ■ alkaline with barium 
hydroxi'd, and then redistilled. . Subsequent germination tests with these 
products' of the second distillation .showed that in each case they' were 
as potent as 'the orig'iii'al 'distillate* , 

^ It would thus appear either that a number of the original constituents 
of the wheat plant decoctiO'H Were o,perative or that the stim'Ulus' came 'from 
some ingredient whidi was unaffect^ in either acid or alkaline, solution. 
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It was tliought possible that small quantities of volatile oils were the 
effective constituents of the wheat-plant distillates. A series of rather 
empirical tests then were designed to test the action of a number of 
' volatile oils on the germination of the spores of Urocystis tritici. 

The spores were sown on the surface of from 5 to 7 cc. of distilled water 
.at from 18° to 22° C., as in the ordinary, germination tests. A minute 
quantity of each substance was then applied on the point of a needle to 
each dish of spores. A film formed on the surface of each dish, although 
• slightly different amounts of oil were added in each instance. 

The materials which stimulated germination of the spores are shown 
in Table II. Similar tests also were made with salicylaldehyde, butyric 
acid, acetone, benzol, oil of thyme, ethyl alcohol, methyl acetate, phenol, 
benzoic acid, lactic acid^ acetic acid, and citric acid- After 24 hours at 
'■22^ C., fron, 80 to 90 per cent of the spores treated with the first three 
substances had germinated. Less than i per cent of the spores treated 
with the other substances germinated. 

Several other essential oils, namely, oil of hemlock (bornyl acetate 30 
per cent) , oil of lemon (d-limonent and citral) , eucalyptus (cineol 50 per 
cent) , and eugenol failed to stimulate germination. 

No spores germinated in the control dishes. It thus appeared that a 
large number of substances, in appropriate concentrations, might furnish 
the necessary stimulus for germination of spores of Urocystis tritici. 

It is obvious that under the conditions of the experiment (in which 
the Syracuse dishes are packed in the form of a nest, each dish forming a 
cover for the one immediately below it), the containers are not air-tight 
and there might be considerable volatilization of certain of the oils dur- 
ing the period in which the spores might be expected to germinate. 


TABrn 11 .— The effect of surface films of volatile oils on the gemiinaiion of spores of 
Urocystis tritici presoahed on surface of distilled water seven days at from to 22^ C. 
and oil applied on December 6 


Num- 
ber of 
dish. 

Oil. 

Percentage of germination on — 

Dec. 7. 

Dec. S. 

Dec. 9. 

26 

Balsam pern (cinnameiti, 50—65 percent) 

67 

29 

15 

Trace, 



28 

Oil of tatisv (tliuyl alcohol, 17 percent) 



53 

Oil of cassia' (cinnamic aldehyde, 75 per cent; 
trace lead and copper) 1 



34 

35 

Oil of verbena (citral, 50 per cent). i 



Oil of bitter almonds (benzaldehyde, 85 per 
cent) 

91 

Trace, 



36 

37 

38 

39 

40 

41 

Oil of camphor (safrol, eugenol) 



Oil of bergamot. 

Trace. 



Oil of lavender 

Trace. 



Oil of pine needles (30 per cent bomyl acetate) . 
Control of distilled water 

Trace. 



0 

0 

0 

do 

i 

( 

i 

0 

0 


A, study was then made of solutions of certain, of the above activating 
substances to determine the optimum concentrations. ' Certain' of these 
organic substances are quite soluble- in water but are;, highly volatile 
:(e. g.,', acetone ;'B. P. 56.48°' alcohol 64T ethyl acetate,' '77°) others 
again are only slightly soluble, while still others are ''definitely soluble, 
even though only in slight amounts and less, volatile. 
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In a number of tests benzaldehyde greatly stimulated germination. 
Its solubility is slight (0.3 part per 100 parts of water at' 20^ C.)y but its 
boiling point is comparatively Mgh (179.9°). Thus, it appeared to be 
suitable for' making comparative germination tests ttiider laboratory 
conditions. A half -saturated solution of benzaldehyde in distilled water 
was prepared and this was used as a basis for subsequent dilutions. The 
results of one test are shown in Table III. 

At a concentration of 3 parts per 200,000,- germination was delayed 
and subsequent growth of promycelia and germ tubes showed charac- 
teristic dwarfing and other abnormalities. This experiment was again 
repeated in duplicate and it was found that the most favorable concen- 
tration was again 3 parts per 2,000,000. It was found that spores sub- 
jected to concentrations of 3:20,000 for 18 hours at 20° C. revived when 
transferred to distilled water and germinated in a normal manner, but 
those exposed to concentrations of 3 :2,ooo for the same period apparently 
had been killed. 

Germination at the optimum concentration was quite similar to that 
induced by the addition of small quantities of plant tissue as in previous 
experiments. In the latter instances, however, the germ tubes even- 
tually grew further than did those in the benzaldehyde solutions. 

III . — The effect of a solution of different concentrations of benzaldehyde in dis- 
tilled water on the germination of spores of Urocysiis triiici presoaked at from to 22° 
C.for six days prior io test, and transferred to solutions on January 8 


III 

Concentration- 

Percentage of germination on — 

1 

i January 8. 

January 9. 

January 10, 

8s 

3 : 20, 000 

0 

0 

0 

' 86 

3 120,000 1 

0 

0 

0 

87 

: 200,000 1 


Trace. 


88 

3 : 200,000 j 

0 

... do ... . 


' .80 

312 ,000,000 1 

0 

86 


00 

3 : 2,000,000 

0 

80 


QI 

3 ; 20,000,000 ' 

o 

Trace. ; 


02 

3 : 20, 000, 000 

0 

I 



3 1200,000,000, 

0 

0 


yo 

94 

3 : 200,000,000 

0 

0 

0 

95 

Control in distilled water 

0 

0 

0 

96 

do 

o 

0 

0 






A similar test with butyric acid resulted in germination of presoaked 
spores when sown in concentrations ran^ng from i part in 100,000 dis- 
tilled water (by volume) to i part per million. . The optimum concentra- 
tion for germination of presoaked spores appeared to be i part per '500,000. 

The results of similar tests with other materials more or less soluble 
m water were, not as striking as those given above.” It is possible that' 
they may have been less effective in any case, or that, the effective range 
of concentration was more restricted. , In' some cases, however, it would, 
appear that because of their great volatility the concentrations are 'more 
rea«hly changed during the process of preparation „of the .'dilutions , and 
during the course of the experiment;, hence their effect would, .not be so 
eyident ex;periments such as this. ' ' 
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RHI^ATION TO PRESOAKING 

Reference already has been made to a method of procedure which 
involved presoaking of the spores and subsequent addition of a stimu- 
latory agent, which resulted in an optimum germination of the spores 
of Urocystis tritici, 

Harrington (14) recently has' reviewed tlie results of previous investi- 
gations on the presoaking of seeds of certain cereals and its relation to 
germination and subsequent growth of the plant. He also has studied 
the effect of presoaking “not after-ripened’' seeds of cereals. 'Within 
certain limits the procedure had a beneficial effect. Many factor relation- 
ships apparently are concerned in the process, but the results indicated 
that changes in seed-coat permeability were diiefiy involved. This author 
also mentions the work of Eberhardt, who has draivn the interest- 
ing conclusion that, although seed-coat permeabilities are increased, 
protoplasmic alterations also must be involved, as the effect was ob- 
served throughout the subsequent growing period. 

In a test to determine whether constant association with benzaldehyde 
in solution would result in germination of spores, results were obtained 
which were analogous to those previously reported by the writer (55) 
when plant tissues were used. 

In a few cases slight germination was noted after six days at 15° C., 
but in the majority of instances no spores germinated. These spores 
were viable, for they germinated on the readdition of the activating 
agent. It would appear that the activating agent had volatilized before 
it could penetrate and act upon the spore contents. This would explain 
w'hy spores germinate more readily after presoaking than when sown 
directly on an activating solution. In the latter instance care has to 
be taken to prevent loss by volatilization, or allowances have to be made 
for it by using a more concentrated solution. In such a case there is 
danger that tlie more concentrated solutions may be more toxic to the 
spores. 

Thus, it seems most probable that the period of presoaking of spores 
in water results in an increased permeability of the spore envelope, as 
the spores respond with apparently equal vigor to the action of a stimulus 
within a presoak period of from 3 to 10 days at 20° C. This applies 
equally to spores sown on the surface of watei' and those totally immersed. 
There is undoubtedly some action on the spore contents also, but this 
appears to be only slight until after a sufficiently long period, when the 
spores germinate without the action of any special stimulus. 

ACTION OF stimulus j 

The above results have indicated that many different substances 
stimulate the germination of the spores of Urocystis tritici. They differ 
widely in chemical composition, for they include acids, alcohols, ketones, 
aldehydes, and esters. There is ' no one individual ■ substance which 
appeared , to Tunction as a, specific activator of the protoplasm, 'Such as, 
was suggested by Thiel and Weiss (^< 5 ’) in their studies . on teliospore 
germination. 

It is possible that these substances, function partly . by. increasin,g the 
permeability of the spore envelope, although this appears improbable, 
as the presoak period is not materially shortened by their use. It would 
appear more probable that they , function mainly in increasing the perr 
meability of the protoplasmic spore contents, and. thus allow a more 
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ready ingress of the water necessar^^ for germination of the spore. 
Without the action of the stimulatory materials, germination in distilled 
water either is delayed or may not occur at all. The exact nature of the 
action of these substances on the spores is not kno'vim. However, they 
all have the common property of reducing the surface tension of water. 

Larson {24) has shown that 'the surface tension of 'the medium may 
have a ver}^ definite effect on the cultural habit of certain bacteria. 
Pellicle-forming bacteria, such as those of the Bacillus tuberculosis and B, 
stibiiUs groups, which habitually grow upon the surface of liquid media, 
will grorr throughout the body of the medium when the surface tension 
is reduced from 59 dynes (the S. T. of ordinary broth) to from 40 to 45 
dynes. The suggestion is made that the bacteria grow throughout tlie 
medium %vhen they are properly “wetted.” 

In a later paper Larson and Montank (ay) observe tliat the patho- 
genicity and viability of the tubercle bacillus also are affected by the 
reduction of the surface tension of the medium. They suggest that 
“ when the tubercle bacilli are growing diffusel}^ throughout the medium 
they are wetted and, therefore, when introduced into the animal body, 
are penetrated by the antibodies or bactericidal substances present and 
destroyed.” 

The viability of these organisms is thus dependent on their degree of 
permeability, to bactericidal substances, and this permeability is corre- 
lated with a reduced surface tension of the medium. 

It has been considered that changes in surface tension of the medium 
sometimes affect the germination .of fungous spores. Many of the 
stimuli recorded by Diiggar (12) in his spore germination studies — e. g., 
alcohol and organic acids — are known to be depressants of the surface 
tension of' water. He states, however, that “attempts to increase the 
surface tension by means of small quantities of oil in the water gave 
only negative results.” 

Melhus and Durrell (54, p, IJ2--IJ4.) recorded stimulation of germina- 
tion of urediniospores of Puccmia coro7iata Cda. by the use of vaseline 
and paraffin oil. They state that “just how this oil brings about this 
stimulation is not known, but it is apparent that the surface tension of 
the water is changed.” 

Studies by the writer indicated that changes in the surface tension 
of the medium appeared to have but little efect on the germination of 
spores of Urocysiis triiici. Aqueous solutions of sodium ricinoleate and 
sodium, oleate were used. ' The surface tensions ranged from 72 dynes to 
38 dynes, but no significant results were obtained. It was found, how- 
ever, that very dilute solutions of a number of soaps resulted in germina- 
tion of the spores (Table IV). Observations were not made on the 
surface tension of tliese solutions which were, more effective than dis- 
tilled water but less effective than many of the stimulatory substances 
discussed above. 

Sodium stearate solution, I ’part to 4,000,000, had the most marked 
effect. ' It is evident that in such a concentration there is only a very 
slight change in the surface tension' of the fluid as measured against air. 

It is. not known whether the soap or the hydrolytic products were 
effective in these cases. The spores failed to germinate 'in very dilute 
solutions of potassium hydrate, and hence, the' soap itself or, the fatty- 
acid radicle appears to have been responsible for the change. 

Observations were made on 'the surface,' tension of: the solutions of 
benzaldehyde and of butyric add when in concentrations suitable for 
the germination of the presoaked spores of Urocysiis tritici. 
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TABLrv iV. — The effect of soaj? sohitions on the germination of spores of Vrocysiis irilid, 
II nwnihs old^ sozvn Febr uary 15 at from to 22° C. 


N tim- 
ber of 
disn. 

Medi».m. 

Peremtag-e of k?ermmatioii oa — 

Feb. 21 . 1 Peb. 22. 

Feb- 23. 

Feb, .?4. 

Feb. 25. 

Feb. 26. 

B'cb. 27. 

55 

Dist. HoO ■ . . . 

i 

0 ■ 0 

0 

0 

0 

0 

0 


do 

0 ; 0 

0 

0 

0 

8 


cS 

Ivory soap, 1 : 40,000 

0 i 0 

0 

10 





64 

Ivory soap, i : 400,000 . . . 

0 1 0 

0 

Trace. 




70 

Ivory soap, i : 4,000,000. . 

0 j 0 

0 

Trace. 





Pot. paliiiitate. 1 : 40,000. 

0 i 0 

0 

7 





Pot. paimitate, i : 400,000. 

0 \ 0 

0 

So 





Pot. paimitate, i : 4,000,- 

! 

) 







non 

0 j 0 

0 

.w 




60 

^ fiod. stearate, 1:40,000.. . 

0 i 0 

0 

0 

0 

0 

Trace, 

66 

1 Sod, , stearate, 1:400,000.. 

0 ; 0 

0 

02 




J 3 

1 Sod. stearate, i : 4,000,000. 

0 1 S6 

1 



1 

61 

1 Pot. stearate, i ; 40,000,. . . 

0 1 0 

■ 0 

10 



67 

! Pot. stearate, 1 ,: 400,000 . . 

0 1 0 

1 0 



' 

73 

,Pot . stearate ,1:4 ,000, 000 . 

0 ! 0 

; 

’ 0 

! ^ 

0 

0 

62 

1 vSod. oleate, 1:40,000 . . . , 

; 0 1 0 

1 0 

; Trace. 




68 

i Sod. oleate, 1: 400,000 . . . 

i 0 1 0 

j 0 

20 





74 

j Sod. oleate, i : 4,000,000- . 

i 0 j 0 

1 0 

; Trace. 




^3 

1 Sod. paimitate, 1:40,000. 

1 O'; 0 

! ^ 

0 

\ 

i 

0 

1 Trace. 

69 

I vSod. paimitate, i : 400,000 

0 1 0 

i 0 

; 0 

1 0 

' 0 

1 0 

75 

i Sod, paimitate, 1:4,000,- 

1 

1 



; 



1 000 

°i ° 

! 0 

1 

j 0 

i 0 

i ° 

I 

; 0 


The observations were made with a Du Nouy surface tension apparatus 
in which the force necessary' to puli a ring from the surface of the liquid 
was measured as a function of the. torsion of a mre. No significant dif- 
ferences were observed between the surface tension of water and that of 
benzaldehyde in a concentration of 3 parts pet 2,000,000 parts of water. 
The surface tension of butyric acid, in water solution (i part per 100,000) 
differed from that of water by only 3 to 4 dynes. It would appear that 
the surface tension of these fluids when measured against air is not a sat-' 
isfactory criterion for comparison of their effect on the germination of 
the spores of Urocystis iritici. ■ ■ ■ 

Stiles {46) has extensively reviewed the evidence on the nature, of per- 
meability of plant tissues and has reported further experiments on the 
action of alcohols and' certain electrolytes on the permeability of such tis- 
sues. Both the cell wall and protoplasmic cell contents are concerned in 
the process, but the constitution of the protoplasm is of fundamental, im- 
portance. Protoplasm is considered primarily as a complex colloidal sys- 
tem in which the constituents are continually changing their relation- 
ships in reference to one another as a result of the action of various 
physical and chemical forces' to. which they are exposed. 

In such a system surface action ' is of paramount importance, , and; sur- 
face phenomena are considered to play an important part in changing the 
permeability of the cell. In discussing the subject of surface tension, 
this author calls attention to the fact, already noted by Koltzoff ' and 
Vernon, that, ' although the surface tension ' of a solution be ' measured 
against ' air, in 'the experiment" the surface tension is .'acting '.against 
the outer ' layer of protoplasm, and it is not' possible ' to determine 
the 'Surface tension between two immiscible liquids by knowing, only 
the surface . tension . of each' against air. 
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Hence, it is possible that entirely new relationships may occur within 
the protoplasmic cell contents as a result of the action of some substance— 
e. g., benzaldehyde, certain organic acids, ketones, or alcohols — even 
though the possibility of this action may not always be indicated by a 
specific change in the surface tension of the solution. 

Price (39) has made observations on the protoplasmic condition of 
certain fungous spores. He used the method of dark ground illumina- 
tion in studies on dorinant and germinating spores of Mucor sp., Melamp- 
sora fosiriipii Wagner, Triphragmimn ulmariae (Sclim.) Link, and 
Pkragmidium disciflomm James, and has adduced further evidence on 
the colloidal nature of the plasmic contents of these bodies. He 
is of the opinion that the entire spore content is protoplasmic and of 
the nature of an emulsoid colloid. In the dormant spore the protoplasm 
is gellike, and at germination the most important change is the trans- 
formation from the gel state to a hydrosol. 

It would appear, from the fact that so many substances stimulate the 
germination of spores of Urocystis tritici^ that their action is such as to 
change the physical condition of the spore contents, facilitating a change 
of phase similar to that observed by Price and thus finally increasing the 
permeability of the spore contents. 

Only small quantities of the stimulating materials were necessary, 
but it is possible, even in the high dilutions observed, that, owing to 
their physical properties, they readily concentrated at the surfaces and 
that there may have been a quantitative relationship between the actual 
amount of the substance in solution and the number of spores which 
responded to the action of the stimulus. This, however, was not apparent 
in the dilution tests. 

It has been pointed out that the spores of Urocystis tritid ordinarily 
germinate slowly. Without the intervention of a stimulus, the spores 
may require up to 16 days at 20° C. before they germinate. The, first 
stage of germination is generally considered to be the imbibition 
of water. The relatively impermeable spore wall permits tlie ingress 
of water only v^xj slowly, but -when the permeability of both spore wall 
and spore contents is increased, the spores germinate within a few hours. 
If the evidence justifies us in considering tliat the stimulatory sub- 
stances probably cause a physical change of state in the protoplasmic 
cell contents and thus increase permeability, might expect that this 
action probably is not specific for L/. tntici. The spores of otlier fungi 
■which do not germinate readily in water, or which seem to require a 
rest period , before germinating, might also be stimulated by the same 
substances. ' 

Preliminary tests rvere , made wi'th. the spores of Urocystis , occulta, 
Colletoirickum ' lindemuihianum, and the teliospores of Puccinia graminis, 
Evidence was obtained that they also respond to such, treatment. Such 
results indicate that caution is necessary in concluding that definite rest 
or maturation periods are necessar}^ for. the spores of such organisms, 
without taking into consideration the nature of the environmental condi- 
tions to 'which the spores have been subjected. 

The methods used, in .the studies of spore .germination,. in Urocystis iritici, 
which involve the use of surface films or:,highly diluted solutions of stimu- 
latoiy substances, would appear to indicate a fruitful mode of attack in 
studies on the germination of other forms. The practical importance of 
the method in its relation to pathogenicity sttidies with certain other 
fungous spores requires no furtho* comment/ ^ ^ 
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relation to hydrogen-ion concentration 


Many investigators have studied the effect of the acidity of the medium 
on the gernimation of fungous spores, but little is known concerning tlie 
behavior of the smut fungi in this connection. 

Webb (54, p. J26) has stated that the spores of Ustilago avenae (Pers.) 
Jens, did not germinate readily in potassium phosphate solutions of 
different hydrogen-ion concentrations. In mannite solutions, however, 
the spores germinated within the range 2.4 to 8.2 with an optimum 
at Ph 6.2. Sporidia were formed most abundantly from 5.4 to 7.0. 

The writer has observed that the spores of UrocysMs tritici did not 
germinate readily in potassium phosphate solutions, but they did so, in 
certain of them after the addition of small quantities of a stimulator}- 


agent. 

Spores were sown in approximately ipi per cent potassium solutions. 
M M 

Varying ariiounts of — potassium hydrate and — phosphoric acid were 


used in making a series in which the hydrogen-ion concentration varied 
from Ph 2.4 to 9,6. Final selection of the solutions was made after 
potentiometer determinations of the hydrogen-ion concentrations. 

Two series of observations were made. In the first the spores were 
sown directly in the solutions and five days later a film of benzaldeliyde 
was added to each dish in tlie manner already described. In the second 
series the spores were presoaked in distilled water for five days before 
they were transferred to the phosphate solutions. Benzaldehyde was 
then added as in the first instance. The spores were nine months old at 
the time of testing, and the cultures were kept at from 20° to 22“ C, 
tliroughout. 

It is observed from Table V that the spores germinated within a rather 
restricted range of hydrogen-ion concentrations. l^Hien they were sown 
directly into the phosphate solutions, they germinated within the range 
Pg 4.1 to 7.1. Presoaking before transfer appeared to enable the spores 
to germinate in more acid solutions than in the first series, for a few 
spores germinated in a solution at P^ 3.6. Within the same ranges, 
also, more presoaked spores germinated than spores which were sown 
directly on the phosphate solutions. 


TabI/E V.— Tiiis? effect of hydrogen-ion cotvceniraiion on the germination of spores of 
UrocysUs tritici sown on phosphate solutions (A) and presoaked in distilled water 
before transfer to phosphate solutions (B) 


P,H. 

1 

Percentage of germina- j 
tion. 

Ph. 

Percentage of germina- 
tion. 

A. 

B. 

A.. 

B. 

3 ' 2 

0 

0 

5-4 

, 27 

78 

3- 2 

0 

0 

5-7 

38 

S2 

3- 6 

0 

^ Trace. 

5*7 

.45 

■ 71 -" 

3.6 ■ 

0 

^ Trace. 

6.4 

14 

' ■ 12, 

4. I 

6 

22 ■ 

6.4 

II 

' . , 16 

4. I 

3 

34 

. 7. I . 

» Trace, 

' 0 ; 

5-1 ■ 

40 

92 

7 * I 

0 Trace. 

0 

5, I - 

32 i 

85 

8.3 

0, 

' 0 ' 

5-4 

30 

68 

8.3 

0 

0 


® I#€ss that! I per ceat; no sporidia formed. 
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The optimum concentration for germination appeared to be between 
Pg 5.1 and 5.7. Ill those concentrations in which only a few spores 
germinated— namelj, Pg 3.6 and Pg- 7.1—110 sporidia were produced. 

These results correspond fairly closely to those which had been ob~ 
tallied previously when small quantities of young wdieat-plant tissue 
were added to the solutions, although in these studies the procedure 
enabled the spores to germinate in solutions which were originally 
slightly more alkaline than those in which germination occurred in the 
present experhnent. 

The previous treatment of the spores is tlius an important factor in- 
determining their subsequent heavier at germination. Hence, it 
might be expected that previous exposure to other environmental con- 
ditions might also have an effect on the nature and extent of germination, 
in solutions of different hydrogen-ion concentration. 

The above results, however, indicate a set of conditions within which 
the spores of Urocystis iriiici might be expected to germinate readily. 
There apparenth^ is no information as to the behavior of the spores in 
relation to various conditions of soil acidity. Laboratory experiments 
thus merely indicate that a somewhat similar relationship might be 
expected to occur in the field. Other conditions being favorable, the 
spores germinate most readily when in contact with slightly acid solutions. 

viability of spores 

It is not definitely known how long the spores of Urocystis iritici may 
retain their viability in the soil, although there is evidence iJiat some spores 
may live for a considerable number of years. McDiarmid (yo) reports a 
case ,of infection in a crop after an interval of seven years. The seed 
was treated with formaldehyde solution and was so’ivn on land which 
seven years previously had borne a diseased crop, but which^ had not 
been cropped since that time. Such evidence, of course, is far from 
conclusive, since there is a possibility that spores may have been blown 
on to the land in the meantime. McAlpine (29) reports some pot ex- 
periments in which he was unable to secure infection with spores that 
were more than 12 months old, although he does not consider these 
results as entirely conclusive. 

In experiments made by the writer it appeared that very fe\r sporCvS 
were viable after they had been kept 28 months in the ' laboratory. 
Repeated tests ,we.re made with spores which had been kept in. the labo- 
ratory for periods ranging from three to nine years, but in no instance 
did any of the spores germinate. On 'the other hand, there is a general 
impression that the spores will retain their viability for several years. 
It thus appears that environmental conditions may have a very marked 
infliieiiGe on the viability of ■ the spores. . ■ ' ■ 

Several investigators have studied the effect of controlled temperature 
and moisture conditions on the viability of the spores of a number of 
plant pathogenes. ' Recently Peltier .(37) has observed that the viability 
of the urediniospores of Puccinia graminis tritici Porm III is profoundly 
affected, by tibe relative humidity and the temperature ,to which the' 
spores are exposed. He found that., the- spores retained their viability 
longest within a range of medium relative humidities. 

In experiments on viahilitj of iike spores oi UrocysU^ the 

writer has used spores of different ages and from , different 'sources, under 
controlled conditions of temperature and relative' huinidity. Relative 
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Immidities of o, 10,^25, 50, 75»^9o, and 100 per cent were secured by tbe 
use of sulplitiric acid in a series of dilutions, according to the method 
described by Wilson (36). The solutions were placed in wide-motithed 
bottles. Infected leaves were cut into sections about 5 mm. in length, 
and were then suspended over the solutions in small paraffined containers 
fastened to the undersurface of the corks, the latter being sealed down 
with paraffin. The bottles were placed in incubators at the following 
temperatures: 5^ to 7° C., 18^, to 21°, 26.5° and 37"^. The results of early 
experiments are not recorded, as the spores did not germinate readih^ in 
any known nutrient solution. The spore material used in the follonring 
experiment had been kept for eight months in the laboratory prior to 
the commencement of the experiment. Germination tests were made at 
approximately monthly intervals' over a period of five months and, on each 
occasion, small portions of wheat-seedling tissue were used to stimulate 
the germination of the spores in water by the metliod already described. 

Under the conditions of the experiment there was no marked difference 
in the amount of germination at each relative humidity within a tem- 
perature range of 5^ to 26.5° C. At 90 and 100 per cent relative humidi- 
ties, however, it became difficult to separate the spores from 'tlie host 
tissue. Consequently, there was a greater amount of contamination in 
these series ■ and the results are not entirely comparable with those ob- 
tained in the lower relative humidities. It was observed also that, even 
after the tissue had been exposed to 100 per cent relative humidity for 
five months at the temperatures ranging from 5^^ to 22°, sometimes 
almost all the spores of certain small batches germinated. 

The consolidated figures for the percentage of germination at all rela- 
tive humidities for each of the three longer temperature ranges (5® to 
26.5^ C.) indicate a definite relationship between relative humidit}^- and 
the viability of the spores (Table VI). Seventy-five per cent relative 
humidity appeared to be the optimum for the retention of viability at 
these temperatures. The figures obtained for the 50 per cent relative- 
humidity series indicate that this, also is very favorable for the retention 
of viability. At botli higher and lower humidities, comparatively ■ few 
spores germinated tow^^ard the end of the experiment. This was espe- 
cially true in all cases at the lower humidities under the conditions of the 
experiment.. 


Table VI . — The effect of himiidity on the mahiliiy of spores of Urocysiis tritici eight 
nw fiihs old ai C 07 nmencemeni of experiment on November 22 


Approximate relative 
humidity. 

Relative germination on — « 

Totals 
„ for each 
relative 
: humidity. 

Dec, 13. 

Dec. 29. 

Jan. 31. 

Eeb. 27- 

Mar, 25. 

Apr. 25. 


86 

8s 

16 

4. 

3 

: s 

202 

20 

68 

152 

22 

II 

7 

! 33 

293 

25 

6 

i 

75 

105 

22 

1 55 

: 394 

5 ® 

IQ2 

177 

iq6 

1 236 

^49 

1 148 

i' ' 1, 098 

75 

261 

208 

207 

243 

202 

185 

j ■ ^ 73 ^^ 



157 

25 

5 ^ 

6 

■ <>3 

68 

370 

100. 

II4 

158 

43 

'5 



357 

Totals . for all 








temperatures 








and ■ all liu- 








midities,...,'. 

884 

936 

610 

610 

477 

503 



« Totals of percentage of germination at eacli relative litnnidity for three temperature series (5® to *6.5® C.). 
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A consideration of the totals for all temperatures and all liuinidities 
shows, on the whole, a tendency toward progressive decrease in the relative 
mirnber of spores whidi germinated, but at 75 per cent relative humidity 
there 'was apparently no significant decrease in the amount of germina- 
tion during the experiment. 

Ill' the 37° C. series, a few spores germinated within a range of from o 
to 50 per cent relative humidity after exposure for five months from the 
commencement of the experiment. 

When tissue containing fresh spores ivas exposed to the relative liumidity 
series, it was found that drying over concentrated sulphuric acid at first 
accelerated the germination of a large number of spores, but constant 
exposure to this condition eventually inhibited germination. Spores ex- 
posed to the medium relative humidities reached their maximum germi- 
nation capacity later than did those in the low relative humidities, but this 
capacity for germination was retained for over six months in a manner 
similar to that observed in Table VI. 

It was observed also that the spores from each of the three lower 
temperature ranges (5'^ to 26.5° C., inclusive), which had been kept for 
several months in tlie 50 to 75 per cent relative humidity series, fre- 
quently began to germinate three days after their transference to distilled 
water at 22°. Plant tissue subsequently was added to the water con- 
taining these spores just as in the other instances in order to obtain 
comparative readings throughout. However, it appears that exposure 
of the spores to the above-mentioned relative humidities causes a ^ange 
in their physiological constitution, which is apparently similar in some 
respects to that induced by the various stimulatory agents described 
above. 

It is obvious that a number of limitations are to be noted in the ex- 
periments just described. It may well be expected that there are differ- 
ences in the maturity of spores in the various leaf sections, and possibly 
also inherent individual differences in spores which are considered equally 
mature, for spores produced under varying environmental conditions 
may respond differently to the influence of the controlled environmental 
conditions of such an experiment. The question arises, also, as to 
whether the undisturbed spores of the sorus are completely affected by 
the relative humidity to which the tissue is subjected. Exposed spores 
undoubtedly would be more readily subject to this influence, although 
under natural conditions they often may remain in the tissue for con- 
siderable periods. In making the germination tests, it evidently is not 
practicable to maintain absolutely uniform conditions throughout. 
However, it is believed that a consideration of the consolidated totals of 
percentage germination at each relative humidity indicates that, although 
the extreme limits have not yet been determined, medium relative 
humidities favor the longevity of the spores. 

INOeUhATIOhT AND INFECTION 
SEEDIyING INFECTION 

McAIpine (ap) first reported inoculation experiments with this fungus. 
Infection occurred when spores were dusted on the seed and also when 
clean seed was sown in infested soil. There is no available information, 
however, as to the actual conditions under which infection may occur. 
Reference frequently has been made to the fact that seedlings are SUS“ 
ceptible to certain smut fungi only during a very limited period. 
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The stage of growth of the host at this period is of great importance. 
McAlpino (ap) also has pointed out that environmental conditions which 
favor a prolongation of this critical period are generally conducive to 
heavier infectioias. In discussing resistance to bunt, he mentions that 
differences in susceptibility of the wheat varieties may sometimes be 
correlated with differences in rapidity of their seedling growth. 

In preliminary experiments with dry spores of Urocystis triiici, the 
writer inoculated wheat seedlings of several varieties of wheat known 
to be susceptible to flag smut (Federation, MarshalFs No. 3, and Can- 
berra) and sowed them in moist soil at from 18® to 23° C., but in no 
instance was infection noted when the coleoptiles were more than 4 mm. 
in length at inoculation. 

As a result of subsequent investigations, it is highly probable that 
seedlings in later stages of growth may become infected when inoculated 
with germinating spores and kept in a suitable environment. 

AMOUNT OF INOCULUM 

Several investigators have called attention to the relationship between 
the amount of inoculum employed and the subsequent development of 
the disea,se. In this connection, McAlpine (ap) has recorded the results 
of inoculation experiments with bunt spores. When inoculum was 
applied at the rate of i bunt ball per 5 kernels, there was from 79 to 81 
per cent of infection; when applied at the rate of i ball per 100 grains, 
there was from 56 to 58 per cent of infection. 

Heald (15) has indicated a quantitative relationship between the 
spore load in seed wheat and the percentage of stinking smut produced 
in the crop. Using artificially smutted seed, a load of 36,000 to 150,000 
spores of Tilletia tritici was necessary to produce maximum infection. 
He suggests that either multiple infection occurs or that there is a chemical 
mass effect due to the number of spores. 

There are some points of similarity between infection of the wheat 
seedling by the flag smut organism and infection by the bunt organism. 
Infection may result from inoculum on the seed or from inoculum present 
in the soil. The germ tubes or infection hyphae penetrate the tissues of 
the coleoptile and establish parasitic relationships within the young 
growing tissues of the host. 

In pathogenicity studies with Urocystis tritici, infection frequently has 
been difficult to secure by means of dusting the spores on the grain, even 
though large amounts of inoculum were used, but when the young 
coleoptiles were inoculated with several platinum loopsful of germinating 
spores and the seedlings subsequently incubated under favorable condi- 
tions, almost complete infection resulted. Hence, a few spores germi- 
nating under suitable environmental conditions may be as effective in 
producing heavy infection as a much larger number in which the per- 
centage of germination is relatively low. 

In flag-smut pathogenicity experiments in the past, dry spores have 
always been used as a source of inoculum on account of the very capricious 
germination of spores. In laboratory tests it has been difficult to germi- 
nate the spores, but they appeared to germinate somewhat more readily 
under certain conditions existing in the soil. At other times, however, 
it' appeared , as if the spores did not germinate readily even, under appar- 
ently favorable soil conditions. ' This fact seems to constitute one of .the 
reasons, why the flag-smut organism is such an important pathogene 
74026—24 -4 
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under Australian conditions. If the spores germinated readily, it would 
be a simpler matter to free the soil of viable inoculum merely by rotation 
of crops, and control would be largely a question of seed disinfection. 
At present, however, under Australian conditions, the inoculum in the 
soil appears to be the major source of infection. 

relation to moisture 

It is generally conceded in cases of soil infestation by cereal smut 
organisms, other factors being favorable, that there is a fairly close 
correlation between the amount of smut in the crop and the amount of 
moisture present in the soil during the period prior to sowing. 

McAlpine (ap), in fiag-smut infection experiments, reports that sowings 
made in dry, infested soil resulted in i4,per cent of infection w^hen germi- 
nation of seed of wheat and fungous spores occurred simultaneously, 
immediate^ following the first rains. When sowings were made on 
adjacent plots one month after rain, only i per cent of the plants became 
infected, 

Heald and Woolman (id), in discussing the relation of moisture to 
infection of wheat by bunt, state that sowing in dry soil and waiting for 
rain is better than sowing in a very wet soil. Mackie (ji) also observed 
that tliere may be sufficient moisture in a soil for germination of wheat 
seed and yet be insufficient for germination of the bunt spores. Hunger- 
ford (20), in studies on the same disease, reports that there is a very 
definite relationship between the amount of moisture at seeding time and 
the amount of bunt in the resulting crop of wheat. A high soil mois- 
ture content at planting was conducive to heavy infection. These 
authors agree that very little infection results if sowing is delayed for 
some weeks after the incidence of heavy rains. The spores of TilUtia 
triiici rapidly lose their power to infect, particularly if the soil is 
cultivated frequently. 

Jones {22) records that the spores of UstUago avenae (Pers.) Jens, do 
not germinate readily in very moist soils. She states, “Germination 
percentages w^ere greatly reduced at 80 per cent of the water-holding 
capacity.” 

Walker and Jones (52) have sho’^vn that soil moisture is not a limiting 
factor in the development of the onion-smut fungus, Urocystis cepulae 
Frost. They state that “a high percentage of infected plants resulted 
over the entire range in which good germination and growth of the host 
occurred.” 

In greenhouse experiments with spores of Urocystis frit id, the writer 
has observed that wheat plants may become infected when seed is somi 
in infested soil which had been watered constantly for five weeks. The 
writer has shown in a previous paper (55) that the moist spores rapidly 
lose their viability when subjected to a temperature of 27.5^ C. for a few 
hours. Spores which had .been presoaked in distilled water for five 
days at 20^^ failed to germinate after exposure for 36 hours at 27.5^^, 
There are thus two possible reasons for reduction of amount of viable 
inoculum in moist soil: (i) The spores may germinate and perish in the 
absence of a suitable host and (2) they may lose their capacity for ger- 
mination. ' ' . . 

It has been mentioned above that the spores of Urocystis" tritici will 
produce sporidia either in moist air or when totally submerged in 
water. It' iS'' possible that ' there', are .certain 'limits of '' soil moisture 
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content witliin which germination of the spores ma)’ occur most readily. 
Hov/ever, the fact that tlie^spores can germinate and produce sporidia 
when entirely submerged in water would indicate that there is not 
necessarily any upper limit such as has been indicated for the oat-smut 
organism described by Jones {22), Hence, a special study was not 
made of this factor under soil conditions- 

REnATION TO TEMPERATURE 

The writer {35) has stated elsewhere that the optimum temperature 
for germination of the spores of Urocystis iriUci is between, 18 and 24® C. 
It was observed that spores presoaked in water for six days at 20° 
gemiiiiated most readily at 24°, but that spores exposed to constant 
temperature only, germinated most readily at 18°. 

From field observations and the results of laboratory studies it appeared 
that soil temperatures might have an important influence on the develop- 
ment of flag smut. The following' experiments, therefore, were made 
in a series of soil- temperature tanks . 

The containers were of galvanized iron, about 18 inches deep and 8 
inches in diameter. Each held approximately 17 kgm. of clay-loam 
soil, the moisture co,ntent of which had been adjusted to 17.5. per 
cent on a dry-soil basis. The surface of the soil was about i inch belov/ 
the level of the water in the tank, thus making it possible to maintain 
a fairly uniform temperature throughout the container. 

i\,fter the first adjustment .for moisture, water was applied through a 
central tube, which extended to a small crock, at the base of the container. 
The soil was not sterilized, because it was known that it did not contain 
spores of the flag smut organism. A range of four temperatures was 
used in each series. By means of suitable adjustment, it was found 
possible to maintain the series fairly constantly within the .following' 
ranges: 14° to 15° C., 19° to 21°, 24® to 26°, and 29° to 31®. Although 
the air temperature of the above-ground portions of the plant ranged 
from ,15*^ to 29^, it remained fairly constant at 22®. Thus the soil tem- 
perature could have only a direct effect on the process of entrance and 
infectio,n,, although it is possible that there also may be an indirect effect 
on the parasite due to changes in the physiological condition of the 
host induced by high soil temperatures. 

Canberra, an Australian w/heat susceptible to flag smut., was used 
throughout the test. The seed was treated three minutes in a.,iK per 
cent solution of copper sulphate and, because of the low percentage of 
germination, only geniiitiating seeds were planted. From 20, to 24 such 
seedlings were sown in each container at a depth of from one-half .to 
three-quarters of an inch. ' Four containers w^ere used at each tempera- 
ture, a single container being used for each test. The spores used for 
inoculation were approximately six months' old and were known to ger- 
minate promptly in laboratory tests. 

In the first series (pots i, 5, 9,- and' 13), the, seedlings w^ere ' inoculated 
with spores which had been presoaked on the surface of, distilled water 
for three da37-s at 20° C. Pots 2, 6, 10, and 14 contained,, seedlings inocu- 
lated with dry spores. vSpores which had commenced' to ' germinate were 
used to inoculate .the' seedlings in. pots 3 , 7, t i , .and ,15. '■ In' each of these 
instances the seedlings were inoculated and. then, sown immediately at the 
respective temperature's. The final series, (pots 4, 8, .12, and 16) con- 
tained .seedlings "inoculated with, germinating spores, and sown at 15'='. 
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Six days later they were transplanted to the containers in the tempera- 
ture series. At this time the first leaf of each plant was approximately 
3 inches long. 

After the seedlings were planted, waxed paper and cotton wool were 
placed over the surface of the soil to minimize evaporation until the plants 
had appeared above the soil. Although it was not possible to maintain 
equivalent and constant moisture conditions throughout the experiment, 
it is probable that the moisture content of the soil in all of the con- 
tainers was practically the same until just after infection had occurred. 
During the course of" the experiment, the containers were weighed once 
a day and water was added to replace the losses from evaporation and 
transpiration: The moisture content throughout appeared to be adequate 
for the gro^yth of the host plants. 

The seedlings were planted on January i8 and final observations were 
made on April 3, as by this date all uninfected plants in the three lower- 
temperature tanks had headed. The plants kept at from^cq^ to 31^ C. 
were removed from the influence of high temperature on this date, but no 
smut developed subsequently. The results of the inoculations are given 
in Table VII, and the condition of the plants when approximately 10 
w:eeks old is shown in Plate 2. In estimating the percentage of smi.itted 
plants, all that were smutted or partly smutted are included. 

The disease appeared in plants of various ages. The first lesions were 
observed on two plants in pot 8 and in one in pot 12, 29 days after inocu- 
lation (PL I, A). The fifth leaf of both plants was heavily infected. 
It is observed that all of these plants were inoculated at 15° C. and were 
subsequently transfen*ed to higher temperatures. Other plants were 
observed in which the fourth leaf contained typical lesions of the disease. 
The lesions on these plants were evident 32 days after inoculation. 

In contrast to the above, no signs of disease appeared on several plants 
in pot I until 84 days after inoculation. 

Table VII . — The effect of soil ietnperature on the development of Urocysiis iritici in 
seedlings of Canberra wheat 


Pot 

No. 


3 

5 

6 

7 


Temperattire. 


14-16.. . 


do . 

. — do . 
..... do . 

19-21 . . 
. . . . -do . 
— ,„.do- 
, .do . 


Inoculum, 


Presoaked spores. 


Dry spores 

Germinating spores. , . . 

do. . 

Presoaked spores .... 

Dry spores. . 

Germinating spores'.', . . 
do. 


Amount 
infection.'^ I 


a 

TS 


1 5 
TS 


Per cent 
infection. 


54 - ,5 

71.4 
88.9 
80. o 
66. 7 
52. 2 
84. 2 
93-8 


Ronarks. 


6 plants partially 
smutted; 2 plants 
smutted at heading. 

9 plants partially 
smutted. 

3 plants ' partially 
smutted. 

2 plants partially 
smutted. 

6 plants partially 
smutted. 

4 plants partially 
smutted, 

3 plants partially 
smutted. 

I plant^partially 
: smutted.' 


^ Sellings trawsferred to temperature, series after inoailatioa and six days’, growth, at C. 
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Table A'II . — The effect of soil temperature on the development of Utocyslis iritici in 
seedlings of Canberra wheat — Continued 


i Teon3eratiire. 
o. j 


24-26 , 


1 1 


• do . 

.do . 


1 2 ! do . 

13 I 29-31 

14 ' 

^5 


.do . 
1 do . 

^16 I do . 


Inoculum. 


Presoaked spores . 


i Amount | Per cent 
iintection.o; infection. 


spores 

Germinating spores. . . 

do 

Presoaked spores 

Dry spores 

Germinating spores. . . 
, do 




A 

A 

TS 


If. 6 

9 - 5 
29. 4 

56-3 


o 

7-7 


R,€inarks, 


plants partially 
smutted. 

plant partially 
smutted. 


o Numerator— number of plants infected; denominator— total number of plants. 

Seedlings transferred to temperature series after inoculation and six days’ growth at 15® C. 


Occasionally signs of disease were visible on younger tiller shoots be- 
fore any lesions appeared on the main shoot. Instances occurred on two 
plants ill the 14° to 16° C. series in pot i, in which presoaked spores had 
been used as inoculum. 

In considering the effect of temperature on the development of the 
disease, it would appear from Table VII that the heaviest infection oc- 
curred in the series kept at from 14® to 16*^ C. and 19^^ to 21^. This is 
apparent whether the inoculations are made with ungerminated or with 
germinated spores. On this basis alone, there are no significant differ- 
ences between the results from either of these series. However, judged 
on the date of the first appearance of the disease and the degree of infec- 
tion produced in the plant, the series at 19® to 21® more closely ap- 
proaches the optimum conditions for infection and subsequent develop- 
ment of the smut (PI. 2). 

The most severe infections recorded in the experiment occurred in 
pots 7 and 8. In these cases, germinating spores were used as inoculum. 
Practically all the plants were completely affected and the disease ap- 
peared in all such plants approximately six weeks from date of inocula- 
tion. Plants inoculated witli germinating spores consistently became 
more heavily infected than those inoculated with ungerminated spores. 

In the lower temperature series there was a higher percentage of par- 
tially smutted plants and in the majority of instances the first appear- 
ance of the disease was considerably later than that recorded for the 
series at 19^ to 21^ C. ' 

An effort was made to determine if inoculation at low temperature 
and subsequent transference of the inoculated plants to higher tempera- 
tures would favor the development of the disease. The plants in pots 4,. 
8, 12, and 16 were inoculated at 15° C, and then transferred to various, 
temperature tanks, as previously described. There apparently are no sig- 
nificant differences between the amount of infection at 14° to 16® and at 
19° to 21°, although the highest recorded infection, 93 percent in pot 
8, and the earliest recorded infections, two plants in pot 8 and one plant 
in pot 12, occurred in the transferred plants. 

In the higher temperature series, the transferred plants were much 
more heavily infected than the plants which had been exposed to con- 
stant ' temperature throughout. ■ In the^ series at 29° to 31® C., the only 
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infected plant recorded is one which had been transferred. • It is to be 
remarked that, although the percentage of infection is higher in the 
plants transferred to high temperatures than in those exposed constantly 
to high temperatures, the number of infected plants is much lower 'than 
ill those instances in which transfers were made, to the lower teiiiperature 
series. 

A histological study of infected seedlings has shown that a period of 
six days at 15^ C. is longer than is required for entrance of the parasite 
under the conditions mentioned above; hence, it is highh^ probable that 
the germ tubes had entered and became established in the plants before 
they were transplanted. The subsequent decrease in the percentage of 
recorded infection is due eitlier to the direct action of temperature or to 
changed physiologic conditions in the host plant. 

Walker and Jones (5a), in discussing the effect of temperature on the 
development of onion smut, report that “exposure of onion plants bear- 
ing incipient infections to a temperature of from 30*^ to 33^ C. for from 
12 to 15 days almost entirely checked further development of the para- 
site.’’ High air temperatures alone were insufficient to check develop- 
ment of the disease, and it was suggested that the inhibitory effect noted 
above “may be due in part at least to the influence of the environmen- 
tal conditions upon the metabolism of the host and not entirely to a 
direct effect upon the fungus itself.” 

In the experiments with flag smut, the roots and the small basal por- 
tion of the shoot only were exposed to the constant temperature ranges. 
There is no direct evidence that a change in physiological condition of 
the host was responsible for checking the amount of infection at the 
higher temperatures, for it is possible that, as the young tissues of cep- 
ti*al portions of the plant must have been influenced directly by tem- 
perature, the fungus also must have been subject to the same influence. 
Laboratory studies have shown that constant exposure to tempera- 
tures above 24"^ C. is unfavorable to the development of the fungus, and 
it would appear that in pots 12 and 16 the plants were more tolerant of 
the higher temperatures than was the parasite. 

Under the conditions of the experiment, there appeared to be no signifi- 
cant differences between presoaked and dry spores when used as inoculum. 
In these cases the only evidence as to the degree of penetration of the 
fungus is that derived from a consideration of the degree of infection. It 
appeared that in the majority of instances in which ungerminated spores 
were used for inoculation at low temperatures, the organism was less 
successful in reaching the tissues in the region of the growing point, and, 
in a number of instances, the main shoots escaped entirely. It appeared 
that the organism persisted in the lower nodes and thus was readily able 
to infect the young shoots which arose from them. 

Previous experiments have shown that the spores will germinate at 
5® C. A test was made to determine if infection might occur at this 
temperature. Twenty seedlings of Canberra wheat, in which the coleop- 
tiles had just appeared, yt^ere kept at 5° for several hours, then heavily 
inoculated with germinating spores of Urocysiis iritici. They were then 
kept in a moist atmosphere at 5° for seven days after which they were re- 
/mpved, thoroughly washed, heavily dusted with copper , carbonate, and 
then planted in sterilized soil. Six -weeks later ,5 per, cent of. the plants 
had produced small culms which bore characteristic lesions of flag smut. 
None of the plants showed any sign of Infection on the main stem. They 
were allowed to head, but no/fur^er sign of the disease appeared. 
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DISTRIBUTION' OF THB PATHOGENE WITHIN THE HOST 

The distribiitioH of the pathogene within the host has been studied by 
investigators of other smuts. 

McAlpine (29) cites an instance in which a barley plant produced heads 
affected with loose smut, Ustilago nuda (Jens.) Kell, and Sw., early in the 
season. These heads were cut back and a second series ofTulms was 
produced. iVll of these were infected. 

Potter (j 8 ) also has discussed the phenomenon of infection of the nodal 
branches of sorghum by Sorosporium reilianum (Kuehn) Me Alp. He 
examined the buds on individual culms for presence of the parasite. In 
some cases the basal portion of the culm escaped, and occasionally the 
top grew away from the parasite, although, in this instance, it usually 
remained sterile. The regularities in infection of these buds indicated 
that they were infected early, rather than that primary infection occurred . 
Potter states that the extent to which the mycelium develops during the 
first few vreeks while the sorghum plant is growing slowly determines 
the final extent of infection. 

Histological studies of the tissues of plants infected with flag smut 
indicate that the mycelium is frequently observed at the nodes even when 
the main shoot is of considerable length (fig. i, d, and PI. 3, D, a). 

In tests on partially infected plants in the soil- temperature series, all 
infected culms were removed, and it was observed that the new culms 
which subsequently developed were most frequently infected. In other 
instances infected shoots were observed to arise from nodes almost 2 
inches from the level of the ground and on main stems otherwise showing 
no sign of infection. 

From the above it would appear that those conditions which favor the 
development of secondary culms might very readily result in an increase 
in the amount of damage resulting from flag smut. 

It is possible that the relatively crowded condition of the plants in the 
soil temperature containers was sometimes unfavorable to the produc- 
tion of tillers. Several plants, consisting of a single stem only, produced 
normal heads and thus did not have as full an opportunity of indicating 
the presence of the parasite as did those plants which produced secondary 
shoots. 

Hecke (17) lias described a form of infection which he terms “Trieb- 
infektion.” He claims to have produced infection of the young shoots 
of Melandryum by cutting back 2-year-old plants and dusting the crowm 
with spores of Ustilago molacea (Pers.) Fuckel. Subsequent shoots were 
smutted. A similar experiment was conducted with the perennial rye, 
Secale montanum. The plants were cut back to the crown and dusted 
with spores of Urocystis occulta (Wal.) Rab. The shoots which subse- 
quently developed were affected with smut. Hecke suggests that this 
mode of infection is not restricted to these organisms but that it occurs 
with other smut fungi. 

An unsuccessful attempt was made by the writer to produce flag smut 
in wheat by a similar method. Twenty-four plants of Federation wheat 
were cut back to within one-fourth of an indi of the ground level, the 
soil was removed from the crown and the upper roots, and the plants 
were heavily inoculated with spores of Urocystis tritici. Soil then was 
added to cover the plants completely, but the smut did not appear in 
any of the young shoots which subsequently developed. It is possible 
that the results were negative because few spores germinated. More 
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conclusive proof, however, might be obtained by inoculating very young 
shoots with large numbers of germinating spores. This has not yet been 
attempted. 



Fig. I, — Myoeliiim of Urocystis iridti: (a) Penetration of ^idennis of coleoptile of wheat seedKng; (b) pen- 
etrahoQ of epidermis of coleoptile of rye seedling; (c) intercellular mycelium in parenchymatous tissues 
of the leaf; (d) intracellular mycelium (X) in tissues of nodes of infected wheat plant; (e) appresorium* 
like structure formed by infection hypha on surface of coleoptile; (f) early stage of spore-ball forma- 
tion. Camera lucida drawings (X *900). 
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Although the possibility of “Triebinfektion'’ is admitted, it is felt 
that such a source of infection of secondary shoots probably is of less 
frequent occurrence than infection of such shoots by mycelium already 
present in the plant. 

development of the organism and its relation to the host 

INTRODUCTION 

A study of tlie germination of the spores of IJrocystis tritici has indi- 
cated that there may be considerable variation in the morphological 
character of the pro mycelium and of the sporidia. It is an interesting 
fact that sporidia are formed not only in air but also within a liquid 
substrate. This rather suggests that tlie physiological constitution of 
these bodies is different from those produced by most members of the 
Tilletiaceae, for it usually is considered that the members of this family 
produce sporidia only in air. 

Brefeld (3, p. J75, 212, pL ii) has discussed the morphological fea- 
tures of the germination of Urocystis ranunculi ^ U. occulta (Walk.) Rab., 
and U. filipendulae Tul. Sporidial structures are produced by these 
species, but he has questioned whetlier they should be considered 
as sporidia and has suggested that perhaps they are sterigmata, which 
no longer produce sporidia. McAlpine (29), on the other hand, states 
that the structures produced by the promycelium of U, occulta should 
be considered true sporidia because they germinated b}’' putting forth a 
germ tube. More recently Paravicini (j6) has stated views similar to 
those advanced by Brefeld. 

The spores of Urocystis tritici resemble those of U. occulta in many 
respects. The character of the germination of the spores also is 
practically the same in each species. Hence, it was thought that a more 
detailed study of the germinating spores of U. tritici, especially 
with reference to the nuclear phenomena involved, might yield more 
exact information on the nature of the structures produced and their 
significance in the propagation of the organism. 

A number of investigators have studied the nuclear phenomena 
involved in various phases of the life history of many smuts. In this 
connection attention was first directed to tlie nuclear condition in the 
young spore. Bangeard (jo) studied the development of spores in a 
number of genera of the Ustilaginaceae and Tilletiaceae and found that 
the young spores consistently contained two nuclei which later fused . 
This fact has since been confirmed by Make (jj), Lutman {28), Rawit- 
scher (41), and others. • ' 

In a discussion of some features of the germination of spores of certain 
of the Tilletiaceae, Dangeaxd (jo) also stated that the nonseptate pro- 
mycelium of IJrocystis violae (Sow,) F. de W. and Tilletia' caries: 
contained eight nuclei derived from the single fusion nucleus, and a 
single nucleus then passed into each of the eight sporidia. 

A similar observation has been made by Paravicini (j6)' for Tilletia 
tritici (Bjerk.) Wint., Entyloma calendulae (Oud.) de B. J Urocystis anem- 
ones (Pers.) Wint., and U. violae (Sow.) F. de W. In these forms he 
states that" typically a nucleus wanders to the end, of the . promyceEum 
and divides there' several times,' a single nucleus then: passing to each of 
the sporidia. 
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L-utman {28) studied the nuclear condition of the mycelium and 
nuclear phenomena at the time of spore formation in a number of smut 
fungi belonging to the Ustilaginaceae and to the Tilletiaceae- He states 
that in the Ustilaginaceae the mycelium is characteristically' multinu- 
cleatCj whereas the mycelium of the Tilletiaceae frequently contains 
binucieate cells. In the latter family, Entyloma nympliaeae (Cunn.) Set. 
had binucleated cells and this condition also was characteristic of the 
older mycelium of UrocysUs anemones (Pers.) Wint., Doassansia alis- 
matis (Nees) Cornu., and D. deformans (Setch.). Paravicini {36) studied 
certain members of this family and observed that the sporidia conju- 
gated in pairs, with or without the intervention of a fusion canal, and 
that a nucleus wandered from one' sporidium to the other and thus estab- 
lished a binucieate condition. In U. anemones, ixxsions were seen only 
rarely, and in U. violae, where he observed binucieate sporidia with a 
fusion canal between them, he was of the opinion that nuclear migration 
occurred between sporidia also. He states tliat in both families of the 
Ustilaginales the binucieate condition arises through conjugation of the 
sporidia or hyphal cells and is maintained until the spores are formed. 

He states that when the spores of Urocystis anemones germinated, 
sporidia were not formed, but he describes the appearance of easily 
detached mycelial threads which at first contain a single nucleus. Con- 
jugation of these bodies was not observed, but they became septate, 
each cell contained a single nucleus, and finally certain of these cells 
became binucieate as a result of the migration of a nucleus from an 
adjoining cell. He draws an analogy between these mycelial threads and 
the promycelium of such forms . as Ustilago triiici and U, nuda, 
although a phylogenetic relationship is not suggested. Paravicini has 
stressed the fact that conjugation of sporidia is of common occurrence 
and considerable si,gnificance in the sexuality of the smuts. 

Lutman {28), however, has stated that “it is probable that the para- 
sitic mycelium rarely or never starts from the conjugated conidia or 
promycelial cells even though they represent the old method of repro- 
duction.” 

NUCUBAR phenomena Kt SPORE GERMINATION 

The nuclear phenomena of the germinating spores of Urocystis tritici 
or of V. occulta apparently have not been studied. There are some 
marked morphologic resemblances between ■ the promycelia and 
sporidia in these forms and the homologous structures produced by 
such forms as U. anemones, U. filipendulae, and otliers mentioned 
above, but the nuclear phenomena involved at germination appear to 
differ from those which have been described for sudh. forms by Paravicini. 

The writer has made an extensive study of the general characters of the 
nuclear phenomena associated with the germination of spores of Urocystis 
tritici. Spores in different stages of germination were fixed' in Flemming's 
weaker ' solution , for periods 'up to two hours, transferred to several 
changes of water,' and then to slides coated with egg albumen. .J'he 
transfers were made with a platinum loop, this procedure being more 
satisfactory than direct fixation of the spores on the slide. . When the 
slides were 'almost dry, a drop of 80 per cent alcohol was added as in the 
method described by Harper (rj), and the slides were passed through' the 
regular series of alcohols . and then stained. Several staining ' methods 



I?eb. i 6 , 1924 


Flag Smut of Wheat 


4.S1 


were used, but Flemming’s triple stain and Heidenliam’s iron-iiaema- 
toxylin used alone or wiidi orange G in clove oil counterstain gave the 
most satisfactory results. 

Owing to the thickness of .the epispore and surrounding envelope of 
sterile cells, the first divisions of the nucleus within the spore were not 



observed. ’ The young' promycelium, however,' contained a' variable 
number of nuclei, derived from the single nucleus of the spore (fig‘;'2/ 
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a, b, c, and d). , It was not apparent that a single nucleus migrated to the 
tip of the promycelium and divided there, but division appeared to 
occur in the spore and in the elongating promycelittm. 

As the sporidia developed, a single nucleus usualty passed iroiii the 
promycelium into each sporidium (fig. 2, e and f, and PL 3, A). Oc- 
casionally all the nuclei were not utilized in this manner, tor some of 
them remained in the promycelium. The subsequent history of these 
remaining, nuclei was not followed in such cases, but it is possible that 
they may pass into outgrowths of the promycelium which have been 
observed to develop after the production of sporidia. 

The nuclei are small, approximately i. 6 }i infiiameter. At times only 
the nucleolus, approximately 0.5^^ in diameter, was visible. 

When the sporidia germinate, the single nucleus divides. Mitotic 
figures were not observed, although segregation of chromatin elements 
was apparent in several instances (fig. 2, g). The origin of a binucleate 
condition of the germ tube often w^as apparent in the sporidium before 
the latter had been observed to germinate (fig. 2, li, i, j, and Pi. 3, B), 
As germination proceeded, these nuclei were observed to have further 
separated until they took up positions such as are indicated in 
fig. 2, k and 1 , and Plate 3, C. In the latter instance only two nuclei 
are visibly in focus in the germ tube of one sporidiimi (PL 3, C, a) ; 
the o'ther two nuclei appear as a dark band (PL 3, C, b). The binucleate 
condition of the germ tube may persist for some time (fig. 2, k, 1, and 
m). These nuclei, however, apparently are only half the size of the 
original nucleus of the sporidium. Occasionally, also, germ tubes were 
observed in which four nuclei were present (one germ tube in fig. 2, m). 

When the sporidia conjugated, it appeared as if the single nucleus of 
each migrated into the fusion germ tube. This, however, occurred so 
rarely that the complete nuclear .history could not always be followed.. 
Sometimes in a single spore some sporidia conjugated and others ger- 
minated in the manner indicated above (fig. 2,0). Each process resulted 
in the production of a binucleate germ tube, although the origin of the 
nuclei was distinct in each instance. ■ 

The process was not followed beyond the stages mentioned above. 
At no time, however, w^ere the tips of the germ tubes observed to have 
become septate but remained ■ . unicellular. They characteristically 
contained two nuclei which most frequently were derived originally from 
the single nucleus of the sporidium. 

In a histological study of the tissues of ' seedlings which had been inocu- 
lated with germinating spores it was found that, after infection had 
occurred, the infection hyphae did 'not contain more tlian two nuclei. 
Although the sporidia are not abstricted , froin the promycelium, they 
characteristically contain a single nucleus at first. This nucleus has been 
observed to divide prior to the germination of the sporidium, so that the 
sporidium may contain two nuclei which have arisen in a manner com- 
parable to' that in sporidia of many higher basidiomycetes. (Cf. list of 
'number of nuclei in the cells of the 'Basidiomycetes, 'Eevine, 27, p. 

, ' Also, the. sporidia .are, definite structural units which germinate by 
means of a germ tube much smaller than the body from which it arises. 
Hence, it seems that they' should' still be considered ns sporidia, although 
Earavidni^Cj^) and others' have suggested that ' homologous structures in 
otixer_ species of Urocystis should not be so^ considered.' In some respects, 
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however, they differ from the sporidia produced by such genera as 
Tilletia and they present slight . resemblances to an undifferentiated 
promyceliiim. 

MYCl^LIUM AND vSPORE FORMATION 

A study of the epidermis stripped from inoculated colepotiles indicated 
that entrance was chiefly effected by a germ tube which arose from a 
single sporiditim and not from conjugated sporidia. 

The mycelium is for the most part from r.5 to 2 fc in width. In the 
early stages of its growth the mycelium is intracellular but it soon becomes 
intercellular. Its growth throughout the plant is also typically inter- 
cellular (fig. I, c, and PI. 3, E and G), In the older tissues — e. g., 
in the parenchymatous cells at the nodes of infected plants — it was 
observed that a large proportion of the mycelium was intracellular. 
The intracellular portions of the mycelium may perhaps be considered as 
haustoria, for they -were obsetu^ed to be associated frequently with 
intercellular mycelium, but in many cases appeared to repi'esent a 
characteristic form of dormant mycelium (flg. i, d, and PI. 3, D, a). 

In the tissues of the young leaf the mycelium was very characteristically 
intercellular.' In heavily infected leaves the hypliae sometimes , wedge 
the host cells apart (fig. i, c, and PL 3, G). When growing rapidly, 
they are characteristically nonseptate, and may become branched; 
haustorialike structures sometimes are observed (fig. 2, c). It is a 
question, however, whether these structures always represent haustoria 
or whether they represent mycelium which has commenced to take up 
an intracellular position. The mycelium varies considerably at spore 
formation. Those portions utilized in the formation of spores are at 
first narrow and nonseptate, whereas those portions not utilized become 
vacuolate, somewhat irregular in outline, and are most frequently 
septate. 

The nuclear phenomena were not followed with certainty in all instances, 
because it was difficult to stain satisfactorily both nuclei and septa in the 
same mycelium. It appeared, however, that the nuclear content was not 
constant, one to four nuclei sometimes being observed in the cells. Hy- 
phal fusion frequently w^as observed, and there were indications that nu- 
clear migrations had occurred (fig. i, c). The mycelium prior to spore 
formation, however, was fairly constantly binucleate. Fusion of hyphae 
was observed to occur at various stages prior to spore formation. 

The method of spore formation in this genus has been studied in some 
detail by Wolff (57) and others. Although it appeared that the spore 
balls sometimes originate from a single hypha, more frequently two 
distinct hyphae appeared to be involved in spore formation. Branches 
arise which become very much coiled on one another and the spores 
and the spore ball envelope of sterile cells arise simultaneously in this 
manner (fig. 1, f, and PL 3, E and G). 

RELATION TO NONSUSCEPTIBLE PLANT 

While studying the relation of the, fungus to a susceptible plant, 
studies were made concurrently on .the relation of the fungus to plants 
resistant to flag smut. The relations between certain parasites and 
nonsusceptible plants have been studied by, a, number of investigators. 
Various aspects of the question of resistance and immunity have been 
studied in this connection,, especially by investigators of the ' cereal 
rusts. 
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Stakmaii (44) has studied the action ^of specific forms of stem rust 
fungi on immmie and susceptible varieties of wheat, oats, and several 
other hosts and has shown that there is characteristically a very definite 
antagonism between the protoplasmic cell contents of the immune 
plant and the parasite. 

Woolman {^8) has recently described the cytologic phenomena of 
infection of wheat seedlings by bunt caused by Tilletia triUci. He 
states that Tilletia iritici enters the epidermis of the coleoptile of both 
susceptible and resistant wheat plants grown under conditions for 
maximum infection, but that in highly resistant varieties it develops no 
further. Inhibiting factors evident!}' are active in or just beneath the 
epidermis/”’ 

The witer made a histologic examination of young rye plants wliich 
had ' been inoculated Vvitli spores of Urocystis iritici. Inoculation 
experiments have shown repeatedly that r\^e is resistant to infection 
by U. iriiici, but there was no information on the relationship 
involved. The coleoptiles of young rye seedlings were heavily inocu- 
lated vith germinating spores of LL iritici and placed under condi- 
tions of high humidity at 17° C. The epidermis was stripped from 
some of the seedlings at intervals up to four days, and examined for 
evidence of entrance of the organism. Portions of the coleoptiles also 
were fixed and sectioned. A typical section is that shown in figure 2, b. 
It was very emdent that entrance had been effected but that, owing 
to the unfavorable conditions witliin the host, development of the 
organism had been checked. The mode of entrance of the germ tubes 
resembles the mode of entrance in a susceptible host. Figure i, e, 
shows an early stage of entrance of the mycelium. The germ tube 
swells into an appresoriumlike body and penetrates first through a 
small opening, somewhat similar to that figured by Waterhouse (55) 
for entrance of sporidial germ tubes of Piiccima grarndnis into tlie bar- 
berry leaf, and Leach (26) for entrance of germ tubes of- Collet otrickmn 
Imdenmtkianuni into beans. ’No further .studies were made at this time 
on the subsequent history of the infection hyphae of U. tritici within 
the tissues of the immune host. 

DISCUSSION AND CONCLUSIONS 

A knowledge of the reaction of a pathogene to controlled environmental 
conditions is fimdamental to an understanding of its behavior in nature.' 
It is well known that the severity of many outbreaks of plant disease 
frequently may be correlated with the environmental conditions to, which 
the pathogene was exposed at a particular period in its life history. 

Laboratory and greenhouse studies on Urocystis tritici have shown 
that thO' viability of the spores is profoundly affected by exposure to 
controlled temperatures and relative humidity. The germination of the 
spores, infection, and the subsequent development of the organism 
within the host also ; are greatly influenced by the conditions of the 
environment. 

■ Ik 'an infested area in which it is still impracticable ' to replace the 
wheat varieties which are susceptible to flag smut by others whicli are 
resistant, adequate control of the disease may be expected only ' by a 
system of cultural practice which, reduces the amount of viable inoculum', 
whi-ch also reduces^ the possibilities 'for .'infection, and finally which tends 
to reduce the possibilities for serious damage in the crop" after infection 
has .occurred. 
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The present study has furnished data which may be used as a basis 
for further field experimentation. Also the experimental results may be 
correlated in part with the present known distribution and seriousness 
of the disease in certain regions, and thus in conjunction with other 
data (distribution of wheat varieties, etc.), may serve to indicate the 
possibility of the disease becoming established in regions in which it 
does not at present occur. 


SUMMARY 

1. Flag smut of wheat, caused by Urocystis tritici Koern., was first 
found in Australia in 1868. It is now known to occur also in Japan, 
China, India, South Africa, southern Europe, and the United States. 

2. Flag smut is one of the most destructive diseases of rvheat in Aus- 
tralia. It is becoming more widely distributed each year and annually 
destroys approximately 3 per cent of the total potential wheat crop. 
Losses up to 70 per cent have been observed in individual fields. 

3. The disease lesions may first appear on plants in any stage of growth 
up to heading. The earliest recorded lesions were observed on the fifth 
leaf of a wheat plant 29 days after inoculation. Other plants were 
observed in which the fourth leaf was first affected. The smut may 
cause considerable deformation of the host. All culms of a plant may 
not be affected. Under greenhouse conditions, the first formed culms of 
partially infected plants frequently were free from the disease. 

4. The “maturation” period of the spores can be coiisidefhbly short- 
ened. Fresh spores did not germinate, although they did so after hav- 
ing been dried for 48 hours over concentrated sulphuric acid. Germi- 
nation tests were made in the manner previously described (j6). 

5. Uninjured seedlings of nonsusceptible plants (field peavS, beans, 
and rye) stimulated the germination of spores which had been pre- 
soaked in water. Such stimulation might be expected in the field 
when the environment causes a certain amount of anaerobic respiration 
of the plant roots. 

6. - The expressed sap of wheat seedlings at a concentration of i part 
per 10,000 was most favorable for germination of presoaked spores. 
The germ tubes of Urocystis tritici were observed to grow to a length 
of 4 mm. in solid media. ' 

7. Surface films of betizaldehyde, salicylaldehyde, butyric acid, and 
acetone greatly stimulated the germination of presoaked spores. Other 
volatile substances were less effective. Benzaldehyde, 3 parts, per 
2,000,000 parts of distilled water, and butyric acid, i part per 500,000 
parts water, were suitable concentrations for such stimulation. 

8. Presoaking the spores appeared to result in increased permeability 
of the spore enevlope and thus enabled more rapid ingress of the volatile 
stimulant. 

9. The stimulatory action recorded above was not correlated with 
any definite reduction of the surface tension of the medium as measured 
against air. 

10. It is suggested that the action of the stimulatory agents is mainly 
such as to cause a change in the physical condition of the protoplasmic 
spore contents, and thus increase the permeability of the latter. 

1 1 . Preliminary tests indicate that films of some of the above- 
mentioned volatile materials also stimulate the germination of the 
teliospores of Puccinia graminis tritici and the spores of several other 
organisms. 
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12. According to the conditions of the experiment, the spores ger- 
minated wi'thiti a hydrogen-ion range of Ph 3.6 to 7.1, Optimum 
germination occurred ivithin the range Pjj 5.x to 5.7. 

13. The relative humidity to which the spores are exposed has a 
marked effect on their viability. Relative humidities of from 50 to 75 
per cent were most favorable for retention of viability. Spores kept 
at these humidities vnthin a temperature range of from 5^ to 26.5*^ C. 
frequently commenced to germinate shortly after tliey were placed in 
distilled water, without the addition of a stimulatory agent. 

14. Wheat seedlings in which the coleoptiles were more than 4 mm. 
long did not become infected when they rvere inoculated with dry spores. 
When seedlings were inoculated wdth large numbers of dry spores, some- 
times no infection occun'ed, w^hereas inoculations with few germinating 
spores at suitable temperatures consistently resulted in heavy infections. 

15. Soil temperatures ranging from 14° to 21° C. were optimum for 
infection of wheat seedlings by Urocystis iritici. The most severe and 
earliest-recorded infection occurred on plants kept at 19^ to 21'^. Some 
plants became infected at 23^ to 25*^, No infection occurred at 29° to 
31°. Inoculation at 15° and subsequent transfer of the plants to tem- 
peratures above 23*^ resulted in a decrease of the amount of infection. 
Some plants became infected at 5®. 

16. Studies of the nuclear phenomena during germination of the spores 
indicate that the spore nucleus divides at germination, the nuclei migrate 
to the promycelium, and usually a single nucleus wanders into each 
sporidium. When the sporidia germinate, this nucleus divides, the germ 
tube becomes binucleate, and this condition may be retained for a con- 
siderable period. Germ tubes containing four nuclei were rarely observed. 
Conjugation of sporidia was sometimes observed. A single germ tube 
may be produced from the conjugated sporidia, and this germ tube at 
first contains the two nuclei which migrated from the sporidia. 

17. The mycelium within the plant is typically intercellular, and 
haustorialike bodies are sometimes observed. Branching and fusion of 
the mycelium occur within the plant. Prior to spore formation, 
binucleated hyphal cells were observed. 

18. Although some spores appear to arise from a single hypha, fre- 
quently two distinct liyphae appeared to be involved. Sterile cells 
and spores arose simultaneously from single coiled structures, and 
differentiation of the cells occurred as development proceeded. 

19. Infection hyphae of Urocystis tritici were observed to have entered 
the tissues of rye seedlings which are known to be immune from the 
disease. 
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PLATE I 

A. — Young wheat plant affected with flag smut, 29 days from,, date of inocula- 
tion. X. 3 i> 

B. — Leaf of wheat plant affected with flag smut. (Partly decolorized.) Natural 
size. 

C. — Plant with head affected with flag smut. The darkened areas on the neck (a) 
represent opened sori filled with spores of Urocystis triiici. (Enlarged.) 

D. — Portion of plant affected with flag smut showing characteristic curling and 
twisting of affected leaves. X 
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PLATE 2 

The effect of soil temperature on the infection of Canberra wheat by JJrocysiis 
triiici: 

Containers 1-4 at C. 

5~8 at C. 

9--12 at 24'’-26^ C. 

13-16 at 29°-~3i® C, 

Note destructive action of the pathogene in containers 7 and 8, in which germi- 
nating spores were used as inoculuni. X 'A. 



PLATE 3 


Germinating spores of UrocysiU iritici, showing origin of a binucleate condition of 
the germ tube on germination "of sporidium: 
a"— S poridiiim with single nnclens. X 450. 

B. — Sporidium with dividing nucleus. X 450. 

C. — Germ tube with 2 nuclei. X 250. 

Mycelium and spores of Urocystis iritici: 

D. — Intracellular (a) and intercellular (b) niycelititn at nodes of infected plants. 
,X 45®* 

E. —Intercellular mycelium, showing first stages of spore formation. X 450. 

•F. — vSpore formation, earty stages. X 450. 

G. — Spore formation, later stages, formed for most part from intercellular mycelium. 
X 45®* 

H. — T, S. wheat leaf showing mature spores and sporeballs in section. X 200. 

I. — T. S, wheat leaf showing sorus of spores. X 40.. 



Flag Smut>f Wheat 


Plate 3 



Journal of Agricultural Research 


Washington, D. C, 






inheritance of petal spot in PIMA COTTON ^ 

By Thomas H. Kbahn^jy 

Physiologist m Charge, Alkali and Drought Resistant Plant I nmsiigaiiomy ' Bureau of 
Plant Industry, United States Department of Agriculture 

INTRODUCTION 

Egyptian cotton, like the related Sea Island cotton {Gassy pium barha- 
dense L.) is characterized by a conspicuous red spot near the base of the 
otherwise yellow petal. lJ\Tien the flower first opens, the red pigment 
appears to be confined to the cells of the epidermis, but soon diffuses into 
the subjacent tissue. The spot is entirely lacking in most of the varie- 
ties of upland cotton {G. hirsutum E.)* 

It has been found that in a hybrid between the Pima variety of Egyp- 
tian cotton and the Ploldon variety of upland cotton, the parental fami- 
lies having shown, respectively, pronounced development and complete 
absence of the spot, the spotless condition behaved as a simple recessive,^ 
A 3 :i ratio was obtained in and the behavior of Eg progenies of indi- 
viduals representing different points on the Fj frequency curve confirmed 
the unifactorial nature of the segregation. The findings of other investi- 
gators as to the inheritance of this character are summarized in the pub- 
lication referred to (p. 31). 

In the Pima variety fiie petal spot is almost invariably well developed, 
although the character is rather sensitive to environmental influences 
and there is often variation on the individual plant in the size, shape 
and intensity of the spot. The normal range was far exceeded, however, 
by two individuals discovered in 1917 in a field of Pima cotton at Sacaton, 
Ariz.® The inbred descendants of these plants, closely studied during five 
generations, have shown at most only a very weak development of the 
spot while in many of the flowers the spot has appeared to be completely 
absent. Table I gives the mean grade of petal spot for the successive 
generations of these families and for the normal populations with which 
they were compared, the means having been based upon the averages 
of several flowers graded on each plant. 


TabeB I.— ikfeow grade of petal spot in successive inbred generations of the spotless^* 
Pima families and in populations of this variety showing a normal development of the 
spot 



“Spotless” families. 

Normal populations. 

Year. 

Number of 
plants. 

Mean grade 
of petal 
spot. 

Number of 
plants. 

Mean grade 
of petal 

S|)Ot. 

1919 


1. OzfcO- 04 
. 9±o. 04 
. 9±:o. 06 
. 7±o. 02 

2. o±o. 04 

13 

7. ,5 ±*^-'3:9 

1920 

140 

1 20 ' 

1921 i 



7 - <54 

7. 03 

8. I -fco. 03 ' 

1 

1922 ! 

! 62 

54 

ITT ’ 

1923 

i . 106 


1 Received for publication Dec. 14, 1933. 

» Kearney, Thomas H. segregation and correlation or characters in an uPL^iNB-ECYFriAN 
COTTON HYBRID. U. S. Dept. Agf. Bul. I164, p. ai- 36 , fig. 37, pi. 7. 1933- 

Kearney, Thomas H. heritable variations in an apparently ttnipokm variety ^ cotton. 

M Jour. Agr. Research, V. 3 x, p. 339-341, pi. 54. 1931. 
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Isolation of these Pima families in which the spot is absent or nearly 
so has afforded opportunity for further study of tlie inheritance of the 
character, this time within a single variety. ^ Crosses were made in 1920 
between individuals of an inbred Pima family showing normal develop- 
ment of the spot and individuals of the families in which it is very weakly 
developed. The descendants of these crosses have been studied in the 
first, second, and third generations and the inheritance of the character 
in the intra- varietal crosses proves to be similar to that which occurred 
in the interspecific hybrid Holdon (upland) X Pima (Egyptian) . 

The heredity of the cotton plant has been studied rather extensively, 
but definite Mendelian segregation has been demonstrated in relatively 
few characters. For this reason it is admsable to give in some detail tlie 
facts as to the inheritance of petal spot, although, from the standpoint 
of genetics, the case presents no exceptional features. The subject has, 
however, a practical bearing, for the possession by an agriculturally 
valuable strain of Pima cotton of such a character as ‘'spotless” petal 
would protect the purity of the seed by making it easy to detect the 
offspring of accidental cross-pollinations with other strains. Proof that 
this character behaves as a simple Mendelian recessive warrants the 
expectation that it can be transferred without great difficulty to any 
desirable strain of Pima cotton, 

METHOD OF DETERMINING THE CHARACTER 

No satisfactory method for the accurate quantitative measurement of 
the petal spot suggested itself, so a system of grading w^as employed 
for the classification of the flowers, as in the earlier study of the upland- 
Egyptian hybrid. Complete absence of the spot was indicated by 
grade o and its highest development by grade 9. Grades o, 3, 6, and 9 
are represented in Plate i . The endeavor was to have the grades indicate 
the total quantity of red pigment present, rather than merely the size 
of the area or the intensity of the color. Thus a flower having a larger 
but lighter colored spot might be graded the same as a flower in which 
the spot was smaller but more deeply colored. It is not assumed that 
the grading was done with perfect consistency, but it is believed that 
the, deviation from the standard in no case exceeded one full grade and 
that the results obtained by this method are entirely satisfactory for 
the purpose of this analysis. For statistical treatment of the data,,' the 
method of grading has tlie advantage , of making possible, in a given 
length of time, the classification of much greater numbers of flowers 
than could be handled if it were attempted to determine quantitatively 
the amount of pigment present. 

In grading the flowers those, representing the two extremes of the 
scale gave the most trouble. Flowers which appeared to be completely 
spotless when, viewed with tlie unaided eye showed in some cases, when 
examined with a hand lens, very faint traces of color in' the region of the 
spot, the Ted pigment being confined to scattered very small groups of 
cells. ■ The practice adopted was to grade as o all flowers which showed 
no, trace. , of red when' examined in a good light without magnification. 
Experience indicated ,that the 'Scale used. should have. been lengthened' 
somewhat at the, upper end, and.. that.. if,,: th.e., distinctions had been drawn 
as finely in this region as . elsewhere- it would , have been '. necessary to 
recognize one or possibly two grades above grade 9. 
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The unit upon which the frequency distributions and statistical con- 
stants are based is the average of the grades of several flowers on each 
individual plant. On a large majority of the plants in each generation 
10 flowers were graded, and in no case is the average based upon as few 
as 2 flowers unless these had differed by not more than one grade.^ 


PARENTAGE OF THE CROSSES AND DESIGNATIONS OF THE 
POPUEATIONS 

The two plants selected in 1917 
''spotless'’ families were numbered 
descent of the successive progenies 

which became the progenitors of the 
I and 3, respectively. The lines of 
of these individuals ' were as follows: 

1917. .Selections i 

i 

f 

1918. Progenies i 

1 

1 

3 

j 

1919. Progenies 1-3 

3 “^ 

1920. Progenies 1-3-12 

3-2-4 

. 1 

1921. Progenies 1-3-12-14 

3 - 2 - 4 ~i , 

1 

, { 

192a. Progenies 1-3-12-14-2 

3-2-4-1-22 

1 

1923. Progenies 1-3-12-14-2-23 1-3-12- 

i i ' i 

-14-2-25 3-2-4-1-22-1 3-2-4-1-22-27 

The family which furnished the normal or full-spotted parents of the 
crosses was descended from plant PI of 1914, as shown in the follovring 
pedigree: 

1914. Selection 

PI 

1915. Progeny 

1 

Pi 

1 

1916. Progeny 

PI A 
{ 

1917. Progeny 

PIA -55 

1919. Progeny 

P 1 A-S 5 - 3 S 

1920, Progeny 

PI A-^5-3S-I7 

1921. Progenies 

12 13 

j 1 

1922, Progenies 

12-13 13-8 

1 , ....T 

1923. Progenies 12-13-2 

1 1 

12-13-23 13-8-4 13-8-17 


In 1920 plant No. 14 in spotless progeny 1-3- 12 was crossed, with 
plant No. 12 in normal progeny PI A-55-38-I7 and plant No.' i in 
spotless progeny 3-2-4 was crossed with plant No. 13 in the ■ same 
normal progeny. The spotless parents were of the second and the 
normal parents were of the fifth strictly inbred generation. The 
progenies, gro’Vini in 1921, v/ere- designated' 1-3-12-14 X 12 and 3-2-4-I 
X 13. Two individuals were selfed in each of the Fj progenies, and 
gave rise to the following F^ progenies, which were grown in 1922 : ' 

(1-3-12-14X12)^ — 20 (3-2-4-IX13) — -21 

(1-3-12-14X 12)— 28_ (3-2-4-1X13) — 24 

^ As a test of the reliability of an average based upon a small mimber of flow.ers, comparison was made of 
the averages for the first 3 and for all 10 of the flowers graded on 100 plants '.in the Fa hs'brid progaii,€S.' 
The mean departure of the 3-fiower average from the lo-flower average was found to be 0.32=1:0.017 or one*- 
third of a grade. The maximum difference, which occurred in 3 of the 100 plants, was r.r grade. It is 
concluded that' averages based upon only 3 flowers would have been sufficiently accurate for most of 'the 
purposes of this investigation. 
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Six individuals were selfed in each of the progenies and from these 
24 Pg progenies were grown in 1923. 

addition to the hybrid populations, progenies descended from each 
of- the four parents of the crosses were grown each year. Endeavor was 
made to have the several parental and hybrid populations situated so 
as to eliminate environmental effect but soil heterogeneity at the Sacaton 
Station is so pronounced that the endeavor was not wholl}^ successful. 
It is believed, however, that this factor did not impair the validity of 
the comparisons. 

For convenience, the term '‘spotless’' will be used henceforth to 
designate populations in which the spot is absent or very weakly devel- 
oped. The latter condition is much the more frequent, for very few 
plants were found on which all of the flowers lacked even a faint trace 
of the spot. Populations' in which the development of the spot ap- 
proached the Pima norm wall be designated “spotted." Strictly speak- 
ing, the allelomorphs here involved are expressed as spotless to faintly 
spotted, on the one hand, and full spotted on the other. 

TH^ FIRST GENERATION OF THE CROSSEvS 

Table II gives the frequency distributions and statistical constants 
for the parental and Fj progenies gro^vn in 1921. For the reason given 
in another publication ^ it is considered preferable to use the standard 
deviation rather than the coefficient of variation as an expression of the 
variability of a character determined by grading. 

^The data show almost complete dominance of petal spot in the first 
generation, although the mode of each progeny is a full grade lower 
than that of the corresponding spotted parental population and the F^ 
mean is in each case significantly lower than the parental mean. The 
variability of F^, as indicated by the standard deviation, is of the same 
order of magnitude as that of the parental populations. 


Tabi.^ II. — Freguemy distributions and statistical constants, for petal spot grade, of ike 
parefttal and Fi progenies grown in IQ2X 
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TBE SECOND GENERATION OF THE CROSSES 

Table III gives tbe frequency distributions and Table IV tbe statistical 
constants of the parental and F2 hybrid populations grown in 1922. 
Because of the pronounced segregation in the F3 progenies, the means and 
standard deviatioxis were computed separately for the spotted and the 
spotless class in each progeny. 


Tab^s; III . — Frequency distributions for petal spot grade of ike parental and 

progefues gro wn in ig22 






Petal spot ^ade (plant averages). 




Populatioa. 

Number 














of plants. 


i 

; 














. 


0 

o.5ji.o 

:.5,a,oi2.5 

! 1 

3 .o‘i 3 -S 

1 

4.0 

4'5 

5,0 

s-s 

6.0 

6-5 

7.0 

7 -S 

8.0 

8.S 

PARENTAL 




















'Fr 


















I -3-1 3 -14-2 (spotless). 

29 

I 














14 

9 


HYBRID (F2) 










i 

1 








(1-3--I3— 14X12) 20 

4.7 

AlIO' 2 




. J. . 


■ 

3 


12 

4 

0 



TAV13) 28. . 


I 

8' t 

I 




. J _ . 

. T 

I 


II 

10 

ii! 



PARENTAL 

^ / j 





* 







0 

j 

i 

! 

i 1 

D 


13-8 (spotted) 

28 













•• 

S: 

:I2 

10 

1 I 

3-3-4-1-22 (spotless) 

33 

I 

20i'I2 

i 









ri 


■ ‘1 


1.. 

j 



HYBRID (Fs) 



1 


1 







[ 







{ ' 3 — 3 — A— I y I'?) 2 T - i 

28 

2 

2 \ 2 

I, 








1 1 

2 

7 

4 

4 



(3-3-4-1X13) 24 -...i 

■■■47 

I 

6| 3 

l| 

1.. 




:: 


I 


4 

1 

9 

5 

7 

0 

s 

2 

4 Fg progenies as one array 

. 179 


26\ i 2 

i 

■- 3 : 
! j 

L' 

L. 

M 


' 

1 

2 5 

12 

5 

23 

33: 

16 

2 


Tabi.b IV .StaiisUcal co7isianis for petal spot grade of the parental and progenies 
grown in ig22, the constants being given separately for the spotted and the spotless 
segregates of each hybrid progeny 


Population. 


PARENTAL 

-2-13 



HYBRID (Fs) 

(i- 3 -'ia~i 4 Xi 2 ) 20 

Do 

(1-3-12-14x12) 28 — . , 
Do 

PARENTAL 

15-8 

3-3-4-“ 1-32 . 

HYBRID (F2) 

(3-2-4-1X13) 21 

Do 

(3-3-4-1X13) 24. 

Do 


Class . 

Number of 
plants. 

Mean. 

Standard 
j deviation. 

Spotted 

26 

j 7 . 7 ±-o 4 

0.34 

Spotless 

: 29 

1 . 7±-04 

.28 

Spotted 

j 33: 

6 . 7 ± . 08 

• 63 

Spotless. ..... 

1 ' ■ 16 

- 4 ±-oS 

•30 

Spotted 

i 42 

7 .o±.o 7 

.69 

Spotless — . . 

15 

.7±.o6 

.36 

Spotted 

28 

7-6±.os 

'39 

Spotless. ..... 

33 

. 7 ±.o 3 

.27 

Spotted 

, 21 

6.9± .10 

.68 

Spotless 

7 

. 6 db.i 3 

■■-52 

Spotted. 

36 

7 .i ±.09 

.82 

Spotless 

II 

.7 ±.08 

-39 
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Inspection of the freqaeiic}^ distributions of the four F2 progenies 
(Table III) shows sharp segregation into a spotless and a spotted group. 
The percentages of spotless individuals in the Fj, progenies and the 
departures from the 25 per cent expected with a single factor difference 
are stated in Table V. It is evident that the departure is significant 
in none of the progenies and tliat while the population obtained by 
combining the four progenies as one array shows a slight excess^ of spot- 
less individuals, the departure from 25 per cent barely exceeds its prob- 
able error. 

Table V . — Percentages af spaiiess individuals and departures fro-ik the expectation, in 
ike Fa progenies grown in ig22 


I's progeny. 


(1-3-12-14X12) 20.. 

(1-3-12-14X12) 2S 

(3-2-4-1X23) 21 

(3-'2-4-iXi3) 24.. 

4 Fg progenies as one array 


i 

; Ntimber of 
; plants. 

Percentage 
spotless. « 

1 Departure 
from the 
expectation 
(25 percent). 

47 

‘ 34-0 

9.0±4.66 

57 

26.3 

i-3±3-93 

28 

25.0 

o±S*5i 

47 

23.4 

i. 6 ± 4, 16 

179 

! 

1 27.3 

2 . 3 ^ 2.24 


« The probable error of the percentage is omitted, being the same as that of the departure from the expec- 
tation. 


Reference to Table IV shows that the mean of the spotless segregates 
in each F3 progeny does not differ significantly from the mean of the, 
progeny representing the corresponding spotless grandparent, except in 
progeny (i-3~i2'-i4X 12) 20, in whic^i the spotless segregates gave a 
significantly lower mean. On the other hand, the means of the spotted 
segregates in are in all cases significantly lower than the mean of the 
progeny representing the corresponding spotted grandparent and 
approach the means obtained in Fj (Table II). , This, of course, is to be 
expected if dominance is incomplete, as was indicated by the results in 
Fj. The incompleteness of the dominance is confirmed by consideration 
of the variability in F^. The spotless group in each F2 progeny is not 
much more variable tlian the corresponding spotless parental population, 
as is made evident by comparison of the frequency distributio.ns (Table 
III) and of the standard deviations (Table IV). On the other hand, 
bodi , comparisons show the spotted group in each F3 progeny to have 
been mudh more variable than 'the' corresponding spotted" parental 
population and the spotted groups in Fg were likewise more variable 
thanFi (Table II). 

■ That die heterozygotes of the spotted group are partly distinguishable 
from the pure dominants is indicated, by the marked bimodality of the 
distributions of the spotted plants in F2 progenies {1-3--12--14X 12) 20 
and (3-2-4-1X13) 24 (Table III). Because of the relatively small 
numbers involved and the nearly complete dominance of the spot, as 
wefins the' sensitiveness of this character to environmental influence, it 
is impossible' to resolve the phenotypic ratio of approximately 3:1 intO' 
a,„i :2:i ratio. ''"The point will , be further discussed iii considering the data 
from Fj|. 



"Table VI r— Frequency disinbuiions for petal spot grade of the parental and progenies grown in 1923, The grades of the parent individuals are also 
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THE THIRD GENERATION OF THE CROSSES 

In each of the four progenies grown in 1922, flowers on a tiiiiiiber 
of individuals were bagged to insure strict self-fertilization. ■ The selfed 
individuals were selected for average grade of petal spot as follows : (a) 
Highest, (6), most nearly intermediate, (c) lowest. Twenty-four Fg 
progenies, two representing each condition of petal spot in each 
progeny, were grown in 1923. Eight parental progenies were grown in 
the same plat, each of the original parents of the hybrids having been 
represented by two progenies. 

The frequency distrib^utions for the several parental and Fg progenies 
are given in Table VI, the unit having been the average of several flowers 
graded on each individual plant. The grading was begun on July 14 
and ended on August 18. 

It is clear from the frequency distributions in Table YI that in every 
case the behavior of the Fg progeny accorded with the position of its 
parent in the Fg frequency distribution. The eight F2 parents having 
average grades higher than 7. 5. proved to be pure dominants, the eight 
Fo parents having average grades lower than 0.5 proved to be pure 
recessives, and the eight Fo parents having average grades between 5 and 
6.5 proved to be heterozygous. The percentages of spotless plants and 
departures from the expected 25 per cent in the segregating F3 progenies 
are stated in Table VII. 


Tabled VII . — Percentages of spotless individuals and departures from the expectation in 
the segregating Fj progenies grown in 1^23 


Fa 


progeny. 


Number of 
plants. 


I 


Departure 
Percentage i from the 
spotless. I e.'cpectation 
j (as per cent). 


(1-3-12-14X12) 20-27 
(1--3--12-I4X12) 20-35 
(1-3-12-14X12) 28-14 
(1-3-12-14X12) 28-53 

(3-2-4-1X13) 21-7... 
(3-2-4-1X13) 21-29.. 
(3-2-4-1X13) 24“33-* 
(3-2-4-1X13) 24~3S*- 


39 


43 

44 

45 
45 
42 


20.5 I 
21.2 ! 


25,0 j 

39'5 I 


22.7 
17.3 
31. 1 
33-3 


4 - 5 i 4-33 
3.84:4. ,82 

0 ± 4 . 2 X 

i4'5i:5-03 
2.3^4*25 
7.24- 3 . 85 

6. 14-4.65 
8 . 3 4 ; 4 . 90 


8 Ejj' progenies as one array, 


339 


26. 5 


1 . 5 1 . 6l 


« The probable error of the percentage is omitted, being the same as that of the departare from the 
expectation. 


Reference to Table VII sho'ws that some of the Fg progenies gave ra'ther 
wide departures from the expected 25 per cent of spotless individuals. 
In no case, however, is the departure mathematically significant- If all 
of the segregating F3 progenies are considered as one array, tlie departure 
from n5 per cent spotless is smaller than its probable error. As was the 
case in the F^ progenies taken as one array (Table V), it is the spotless 
class which is slightly in excess of the expectation. 



Feb. z6, 1924 


Inheritance of Petal Spot in Pima Cotton 


499 


The spotted portion (grades 5.5 to 9) of the frequency distributions of 
the heterozygous Fg’s (Table VI) is bimodal in 7 of the 8 progenies, 
indicating that the heterozygotes are partly distinguishable from the 
dominants. Further evidence that such is the case is afforded by the 
fact that all of, the 8 F2 plants selected in 1922 as nearest intermediate 
(grade 5.3 to 6.2) gave F, progenies which segregated. While, for reasons 
stated in discussing the similar condition in Fj, the heterozygotes giving 
relatively high grades can not be distinguished with certainty from the 
dominants giving relatively low grades, it may be worth while to note 
that in the spotted portion of the whole Fg population tliere were 163 
plants having an average grade not higher than 7 and 86 plants having 
an average grade higher than 7, a ratio of 1.9 :i. While this classification, 
is admittedly arbitrary, it indicates that the phenotypic ratio is i :2 :i.® 

The statistical constants, as computed from the frequenc}’^ distributions, 
of the parental and the homozygous F. progenies are stated in Table VIII. 

.Comparing the means for groups of progenies having a common origin 
taken as one array (heavy-faced figures in Table VIII), it will be noted 
that the populations derived from the two dominant parents (12 and 13) 
of the original hybrids do not differ significantly, and that this is likewise 
true with respect to the populations representing the two recessive parents 
(1-3-12-14 and 3-2-4-1). Data given in Table IV show that in the pre- 
ceding generation also the populations representing, respectively, the 
dominant and the recessive parents of the hybrids did not differ sig- 
nificantly in their means for petal spot. On the other hand, the popu- 
lation embracing the four dominant Fg progenies derived fro^ the cross 
1-3-12-14X 12 differs slightly, but significantly, in its means from that 
of the combined population of dominant Fg's derived from the cross 
3-2-4~iX 13, the differencehaving been o.30± 0.028. Similarly, themean 
for the combined recessive Fg progenies derived from the cross 1-3-12- 
14 X 12 shows a small but probably significant difference from that of the 
combined recessive Fg progenies derived from the cross 3-2-4- 1 X 13, the 
difference having been 0.21 ±0.055. In both cases it is the descendants 
of the cross 3-2-4-1 X 13 vrhich gave the high mean. 

There are also significant differences among the several Fg progenies 
derived from the same original cross and even between progenies which 
had had the same F^ grandparent. Of the two dominant Fg progenies 
descended from (1-3-12-14 x 12) F^ plant No. 20, progeny 20-14 gave a 
significantly lower mean than progeny 20-15 (difference 0.44:0.067), 
Of the two dominant Fg progenies descended from (3-2-4-1X13) Fj 
plant No. 24, progeny 24-18 gave a significantly lower mean than prog- 
eny 24-46 (difference 0.3 ±0.050). Of the two recessive Fg progenies 
descended from (r-3-i2~i4X 12) F^ plant No. 28, progeny 28-32 gave a 
significantly higher mean than progeny 2S-49 (difference 0.5 ±0.086). 
Of the two recessive Fg progenies descended from (3-2-4-1X13) Fj 
plant No. 21, progeny 21-16 gave a significantly higher mean than prog- 
eny 21-22. (difference 1.2 ±0.072). Thus significant differences' are 
found among the dominant or recessive descendants of each of the four 
Fj individuals , which gave rise to the- Fg’s grown in 1922 .and the' Fg's 
grown in '1923. ' , . 


® On this basis oi dassificatioxi in the spotted group, the whole segregating Fg population (8 progenies as 
one array) comprised 86 dominants, 163 heterozygotes, and 90 recessives. 
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Tabi^B VIIL — Statistical constants for petal spot grade of the parental and ike homozygous 

Fg progenies grown in Ip2j 


Population. 


DOmNANT PARHNTAL 

12- 13-23 

13- 13-2 

Combined 

13 - 8 - 4 - 

13-8-17 

Gombmed 

DOMINANT Fg 

(1-3-12-14X12) 20-14 

(1-3-12-14X12) 20-15 

(1-3-12-14X12) 28-7. 

(1-3-12-14X12) 28-8 . 

Combine^ 

(3-2-4-1X13) 21-2 

(3-2-4-1X13) 21-21 

(3-2-4-1X13) 24~i8 

(3-2-4-1X13) 24 - 4 ^ 

Combined 


RECESSIVE parental 

1-3-12-14-2-23 

I-*3“I2-I4-2-25 

Combined 

3-2-4-1-22- 1 ' 

3-2-4-1-22-27 

Combined 

RECESSIVE Fg 

(1-3-12-14X12) 20-19 

(1-3-12-14X12; 20-24 

(1-3-12-14X12) 28-32 

(1-3-12-14X12) 28-49 

Combined 

(3-2-4-1X13) 21-16 

(3-2-4-1X13) 21-22. 

(3-2-4-1X13) 24-25. 

(3-2-4-1X13) 24’"48 

Combined. 


Number of 
plants. 

1 

1 Mean. 

Standard 

deviation. 

16 

i 8. 0 ±. 05 

0, 28 

29 

; 8. I i- 04 

.32 

45 

i 8. 08 ±. 032 

( 

.316 

27 

i 8. 2 ±. 04 

•34 

39 

8. I ±04 

• 33 

66 

8 . 12±.028 

.338 

25 

1 7. 5 i. 06 

.41 

48 

1 7*9 

.29 

34 

i 7. 8 ±. 04 

.38 

46 

7.9 ±*04 

• 36 

153 

7. 84±. 021 

.385 

42 

8. 0 dz- 04 

• 4 J: 

46 

8. I ±. 03 

.28 

43 

8. 1 ±. 04 

■38 

41 

8. 4 ±. 03 


172 

8. 14 ±. 019 

.375 

28 

I. 9 ±. 07 i 

• 57 

26 

2.3 ±.09 ! 

.67 

54 

2 . lOi. 050 j 

.646 

26 

2. I i* 08 

.63 

25 

I. 8 db. 07 

• 49 ■ 

51 

1 . 97 i .056 

.590 

42 

I. 0 db. 05 

.52 

37 

I. I ±. 05 

.46 

48 

2. 0 dr. 07 

.68 

47 

I- 5 ±- os 

. so 

174 

1. 45±. 035 

.690 


2. I db. 06 

•55 

47 

0. 9 dr. 04 

.41 

34 

2. 0 db* 07 

, 62 

29 

2. 0 dr- 08 

.67 

146 

1 . 66d;. 042 

.747 


SEGREGATION IN THE FIRST GENERATION 

, The. data at hand indicate that there may have been a slight degree 
of segregation in Fj although the evidence is not very conclusive, progenies 
of only two plants in each of the progenies having been grown. Table 
.IX' gives, for each cross, the grades'- of the F^ parent individuals, the 
means of the spotted and spotless classes in their F3 progenies and the 
me^s of the dominant and recessive Fg populations derived from each 
Fj individual. Each pair of plants selected in had differed by more 
than a half-^ade. The differences between the corresponding F^ 
progemes are in the same direction but are smaller than in and are 
not sig^cant or barely^ significant." The ' differences ' between ■ the Fg 
populations are not only in the same direction as in F^ and Fg but seem 
to be significant in all but one case. 
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Tabl^ IX. — Segregation in Fi as indicated by comparison of ike means of ike spotted 
and ikespotkss plants in the Fn progenies and of the means of ike dominant and recessive 
Fg populations descended from each Fi plant 


i 

' Fi pa- 
1 rent and 

1 Fs prog- 
! eny No. 

i 

1 

Grade of ; 

Means of the a 

t classes in Fs. 'Means of the Fi populations. & 

i 

Fi progeny. i 

theFi j 
parent, i 

1 

Spotted 

plants.® 

i I>oinmant. j KecessiYC, 

i- 3 ~i 2 --i 4 Xi 2 

I 20 

7. 0 

6. 71 ±0. 076; 

0. 44io. 050I7. 79 ±0. 031! I. 06 io. 037 

I“ 3 -“I 2 -i 4 Xx 4 

1 28 

I 7 - 6 

6. 96^: . 071 

. go± . 06217. • 028'i. 78 ± . 045 

Differences. . . ! 


1 .6' 

1 

! . 25± . 104! 

. 26rb . o8o| . io± . 042} . 72± . 058 

3-2-4-1X13- .i 

21 

1 

i 7*^1 

6. 90+ . loi 

; . 64dr . 131:8. 06 ± . o26jr. 42 i . 054 

3—2—41 X13 i 

24 

1 7 - 9 i 

7. ii± , 092 

; . 68 ± 07818. 23± .02711. 9S± .035 

. o 4 ± . 1521 . i 7 ± - o37|, . 563= . 077 

Differences. . . i 


. 7 : 

, 2I± . 136 


° Dominant and heterozygous plants. * Each Fa population comprises two progenies, taken as one array 


EVIBENCE OF MODIFYING FACTORS 

The questions suggest themselves whether, in addition to the major 
factor determining full development of the spot as contrasted with its 
almost complete absence, there are minor factors which modify the 
degree of its expression; and whether such factors have been variously 
recombined in the hybrids. 

No evidence of modifying factors is afforded by the results of selection 
during successive generations in the parental populations. In 1920, 
1921, and 1922 the plant which gave the lowest average grade for petal 
spot in each of the recessive parental progenies was selfed and became 
the progenitor of a progeny grown the follomng year. Comparison of 
the parental values and the progeny means, as given in Table X, does 
not show a tendency to reduction of the spot. It will be shown presently 
that the apparent marked increase in the progenies grown in 1923 is 
probably attributable to the lateness of flowering of most of the plants 
in the parental progenies of that year. 

In 1922 two plants were selfed in each of the parental progenies, these 
plants having represented the extremes of development of the spot 
for the population in question. Progenies of each of these plants were 
grown in 1923. The progeny means, as stated in Table XI, showed no 
differences of probable significance except in the third pair and in that 
case the higher mean was yielded by the progeny of the plant which 
had givto the lower value. 


Tabi^B X . — Grade of petal spot of sel&ciions in the recessive parental populations and 
mean grade of the progenies of these seUciiom 


, 1 

Selection and year. | 

I Grade of the 
selected 
individual. 

Mean grade 
of its prog- 
eny grown 
the year 
following..,: , 

I-3-12, No. 14 {1920). ■ 

[ 

O'. j 

1, 2±o. II 

1-3-12-14, No. 2 (1921) . .i 

0.7 j 

'.7± ^04 

1-3-12-14-2, No. .25 (.1922) 

.4 

2. si .09. 

3-2-4, No. I (1920) . - ' 

I 

1 ■ ■ 0' 'i 

. 7db'''.o6 

3-2-4-1, No. 22. (1921).'. 

[■ -2 i 


3-2-4-1-22, No, 27 (1922) ' 

1 ' 

'. I. Si' -'07 


fi 


74026 — 24 - 
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TabItB XI . — Petal spot grade of pairs of plants selected in each parental progeny of 
ig 22 as representing the extremes of the progeny aitd means of tkC' progenies of these 
plants grown in ipBj 


Progeny and selection. 

Petal spot 
grade of the 
individual 
selected in 
1922. 

Mean of its 
progeny grown 
in 1923. 

SPOTTED PAKENTAr FAMILIES 

(No 2 


S. i±o. 04 


i 7 - 0 

8. o± , 05 



i * ^ 


Difference j 

.6 

. I ± . 064 

^ (No. 4 

7. 2 

8. I ± .04 

8.0 

8- 2db • 04 

Difference ■ 

.8 

• i± .057 

SPOTLESS PARENTAL FAMILIES 




. 4 ■ 

2. 3± .09 


I. 2 1 

I. 9 ± ■ °7 

Difference 

.8 

. 4 ± .XI4 

^ 27 

• 2 ; 

I. 8zh . 07 

i! 

• 9 : 

2. i± .08 

Difference 

• 7 ‘ 

. 3 i • 106 


There are, however, indications of a recombination of modifying 
factors in the hybrids. Eyidence has been presented that a slight degree 
of segregation took place in and it has been mentioned (p. 499) that in 
four pairs of F3 progenies the means differed significantly, although each 
pair had the same F^ grandparent. Nine of the 16 homozygous Fg 
progenies, when compared with the population representing the respective 
dominant or recessive great grandparent (Table VIII) showed increase 
or diminution of the spot, the F3 mean having differed from the parental 
mean by an amount equal to four or more times the probable error of the 
difference. The most pronounced of these differences are stated in Table 
XII, there being two cases in which dominant and three cases in which 
recessive Fg progenies differed very significantly from the corresponding 
parental population. In one of the dominant Fg's the spot was increased 
and in the other it was diminished. All three of the recessive Fg’s show a 
marked diminution of the spot, /amounting in each case to a full grade. 

This evidence from F3 can not be accepted without reservation, how- 
ever,,' for .the reasons that soil heterogeneity of the plat used in 1923' 
resulted in considerable differences in the rate of development and earli- 
ness' of flowering of the plants in the .various progenies and, that' 'the 
degree of expression of the spot appears to have been affected by the 
stage of development of the^ plant, : ' . 

The mean grade of petal spot was determined separately for the re- 
tarded and for the earlier-flowering plants in ii recessive parental and 
E3,/ptPgenies-of 1923. In every progeny ..the. more backward plants gave 
'#|ii^^/i^.an ,gr,a^ more advanced' plants,' 'the, average differ- 
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ence for all ii progenies having amotinted to 0.5 grade and the diference 
having been significant in 8 of the progenies. A similar comparison in 
10 dominant parental and F3 progenies showed no consistent tendency 
to greater development of the petal spot in the retarded as compared 
ivith the earlier-flowering plants. 

TABiyE X.II,^Emdence of imrease or diminution of the petal spot in nonsegregaiing 
F'i progenies as compared with populations representing the respective dominant or 
recessive parent of the cross 


Population.® 


DOMINANTS 

Parental 13-8 

Fg 24-46 

Parental 12-13 

F3 20-14 


RECESSIVES 

Parental 1-3-12-14-2 

Fa 20-19 

Pjirental 1-3-12-14-2 

F3 20-24. 

Parental 3-2-4-1-22 

Fs 21-22 


Mean grade of 
petal spot. 


Difference between ■ means, 
showing petal spot in Fs as 
compared with parental pop- 
ulation to have been — 


Increased. Dimmlshed. 


8. i±o. 028 
8. 4± . 031 


o. 3±o. 042 


8. i± . 032 

7-5± *055 


o. 6 i o. 064 


2. idb 

• 059 n 

^ j I. I -I- . oSo. 

I. o± 

•054 :J 


2. i± 

.059 ;i 

|» ! I. o 4 : - 078 

I. i± 

• 031 jj 


2. oi: 

• 056 il 

i* ! I. I± . 069 

. 9 ± 

- 040 y 



'The parental population in each case comprises two progenies taken as one arrai»\ 

As a meastii*e of the comparative earliness of the several populations, 
the mean number of flowers per plant during the first four days of the 
grading period (July 14-17) was computed for each parental population 
and homozygous • progeny. The correlation between the progeny 
means for number of early fiowers and grade of petal spot was then 
computed separately for the 10 recessive and for the 10 dominant pa- 
rental and Fj populations. There was found to be a pronounced nega- 
tive correlation in the case of the recessives, the coefficient having been: 
“-•67 ±-io. In other words, recessive progenies in which many of the 
plants were late in development tended to have a relatively high, mean 
for petal spot. The dominant populations, on the other hand, showed 
an entire absence of correlation between earliness and grade of pdtal 
spot. 

Both' the dominant and the recessive parental populations, which' were 
situated together at one end of the plat,' proved to be inferior,,, to most 
of the' Fg progenies in flower production at the beginning', of the grading 
period. Many-' of the plants in’ the. parental, progenies did not begin to; 
flower,' or flowered very sparingly, until near the end,'' of the .grading 
period. Since, in the spotless poptdations, retardation of , growth tends" 
to a more pronounced" expression of the spot,. it is obvious that the, means 
for petal spot grade of backward and of more advanced' recessive popu- 
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lations are not fairly comparable. This objection applies to all com- 
parisons of recessive F.. progenies with recessive parental populations in 
Table XII, the former "having had, in every case, a higher rate of early 
flowering than the latter. This factor of relative earliness of the plant 
also affects the comparisons between recessive F3 progenies which had 
the same F^, grandparent. Of the two pairs of recessive mentioned 
on page 499 as shoving significant differences in mean grade of petal 
spot (28-32 and 28-49, 21-16 and 21-22), in each ^ case the progeny 
which gave the lower mean for petal spot had the higher rate of early 
flowering. 

On the other hand, the evidence of the occurrence of modifying factors 
from comparisons involving dominant F3 progenies is not vitiated by 
differences in earliness, since in the dominant populations a retarded 
condition of the plants apparently did not result in a more pronounced 
expression of the petal spot. Of the two comparisons of dominants in 
Table XII, one (F3 24-46) gave a significantly higher and the other 
(F3 20-14) gSLve a significantly lower mean grade of petal spot than the 
corresponding dominant parental population, 3'^et tlie rate of early flow- 
ering in both Fg’s had resembled the parental rate. Comparison with 
one another of the dominant Fg progenies 20-14 and 20-15, both of 
which had the same grandparent, ■ shows that the latter gave a sig- 
nificantly higher mean for petal spot grade, although it had much the 
heavier rate of early flowering. The relations of earliness and develop- 
ment of the petal spot are in this case the reverse of what was noted in 
the recessive populations. 

Returning to the indications of segregation in the first generation 
afforded by a correspondence between the differences in Fj and Fg (Table 
IX) it may be said that, in this case, the factor of relative earliness did 
not operate consistently in the recessive populations. In the cross 
1-3-12-14X 12 the recessive Pg des'cefidants- of F^ plant 28 gave a very 
significantly higher mean for petal spot than the recessive Fg descendants 
of Fj plant 20; and in the cross 3-2-4-1 X 13. the recessive Fg. descendants 
of plant 24 gave a very significantly higher mean for petal spot than 
the recessive Fg de.scendants of plant 21. But the heavier "rate of 
early ■ flowering was shovm in the first cross by the population' which 
gave the higher mean for petal spot and in the second cross by the popu- 
lation which gave the. lower mean for petal spot. 

The position as regards modifying factors for petal spot in this material 
may be summed up in the statement that there are indications, but not 
cionclusive proof, of the existence of such factors which, by their segrega- 
,tion and recombination, have brought about a slight degree of differen- 
tation' in the hybrids. ' 

, , '' VARIATION. IH' FFTAb 'SFOT ON THE INDIVIDUAL PLANT ■ 

The frequency distributions based upon averages of from 3 to 10 
flowers per plant (Table VI) show a gap, amounting to 2.5 grades, be- 
tween the plants which gave the lowest averages 'in the dominant parental 
and Fg populations and the plants which gave the highest averages in 
corresponding recessive populations. The gap is fodged, however, 
if individual flowers be considered. This is shown by the data presented 
m Table . XIII, which gives the grades of the individual flowers, 
grading lowest in the 12 dominant' and highest "in 'the: ; '12 'recessive parental 
and Fg progenies of 3:923. 
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Tabi.15 XIII. — Overlapping of the domifiant and tecessive poptilaiiom of in grade 
of petal spot of the individual flowers 


Group 


Dominants. 
Recessives . 


The average degree of variation on the individual plant may be shown 
by computing, for a given population, the mean of the differences be- 
tween the flower graded highest and the flower graded lowest on each 
individual. In computing these means, plants were disregarded on which 
few^er than ten flowers were graded. The means were computed sepa- 
rately for the dominant and for the recessive parental and Fg populations, 
each as one array, and for the dominant, heterozygous and recessive 
plants in the segregating Fg progenies,'^ giving, in all, 5 populations of 
which the mean and maximum variation, on the individual plant, are 
stated in Table XIY. 

Tabbu XIV . — Mean and maximum variation of petal spot grade on the individual 
plants in the dominant and recessive parental and F.^ populations and in the dominant^ 
heterozygous and recessive classes of the segregating Fg progenies. 




Range of grade.s on the 
individual. 

Population. 

1 Num- 
i her 
of 

plants, j 

1 Mean. 

Maximum 
and (in 
parenthesis) 
the number 
of plants 
s,howsng it. 

Dommant parental and F3 ' 

Recessive parental and Fg ..i 

Dominants in segregating Fa’s 1 

Heterozygotes in segregating F^’s ^ 

Recessives in segregating Fs’s — ' ' 

297 '! 
278 ; 
62 1 
107 i 
66 : 

2. I0±0. 035 1 
2. 64± . 026' 
2. 18 ± . 060 

2.55± -057 

2. 42± .057 

S- 0 (6) 
5- 0 (1) 

4- 5 0) 

5- 0 (fi) 
4- 0 (a) 


It is note-worthy that variation amounting to four or five grades is 
shown by a few, individuals in each population. Comparison of the mean 
ranges, shows signi'flcantly less variation in the dominant than in the' 
recessive population. The dominants in the' segregating P'3 progenies 
also are individually less variable than the heterozygotes ■ and the re-' 
cessives, altliough the difference between dominants and recessives is, 
in 'this case, slightly less than three times its probable error. The smaEer^ 
variation of the dominants may be apparent rather than real,, for the, 
reason that slight differences are less easily detected ' when, the ' spot is 
strongly .developed than when it is weakty' developed. ', 


^ Plants giving: an ay„erage grade of' 7.3 or higher were tak,en 'as dominant, 7.3 haying' he^n the 'IoW€S.t 
average given by any plant in tbe„doniinant parental populations.. Plants 'giving an average grade 'lower 
than 7 and, higher than s were taken 'as heterozygotes, the comparatively few individuals which averaged 
7 to 7.3' having been left out of account as of uncertain classihcation. , It is believed that classificationon, 
this basis is su'fficiently accurate for the purpose in view. , There .could, be no question as to the identity 
the recessives. ' 


: ^ 1 i Numbers of ilower.s 

I ,! grading. ' 

! number of 1 

I flowers ’ j 

j graded. * I 


v3j ^43 


9 

97 


15 

I 
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The' variation in grade of petal spot on the individual plant appears 
not to be due solely to variation in factors of the external environment. 
This is indicated by comparing flowers graded on the same^ plant on the 
same day. Of such comparisons, in 1923, 75^ showed a difference of 2 
grades, 31 of 2)4 grades, 24 of 3 grades, 6 of 3^2 grades, 2 of 4 grades and 
3 of 5 grades. It may be argued, however, that since it is a rare occurrence 
for more than one flower to open on the same fruiting branch on the same 
day, these differences in the petal spot of flowers opening simultaneously 
on the same plant may be attributed to variations in the environment, 
either external or internal, during the period when the successive fruiting 
branches were being developed. 

The Fj hybrid progenies grown in 1921 and the F3 hybrid progenies 
grown in 1922 did not show greater mean variation in petal spot on the 
individual plant than did the corresponding parental progenies. These 
facts, together with the absence of significantly greater individual varia- 
tion in the heterozygous than in the recessive plants of the segregating 
F3 progenies grown in 1923 (Table XIV) indicate that the type of '‘veg- 
etative segregation” recently described by Gates does not occur in 
this case. 

RELA'TION OK PETAL SPOT TO SIZE OF THE FLOWER 

It has been noted, in normal Pima populations, that the petal spot often 
is less well developed in the small and sometimes misshapen flowers borne 
by stunted plants than in the larger flowers borne by well-grown plants. 
The spotless families described in this paper shoived no apparent inferior- 
ity to the spotted families in the vegetative vigor and fruitfulness of 
the plants, when grown under comparable conditions. It has been 
observed, ho’^vaver, in grading petal spot in the spotless populations that 
flowers showing no trace of the spot often have a small corolla and 
relatively few" and small stamens, while flowers of normal size in the same 
populations often exhibit a faintly developed spot. 

Comparison of the mean corolla length of spotted plants and of spotless 
plants in the P2 progenies of 1922 showed a difference of only 1,5 ±0.39 
mm. in favor of, the former, the mean length having been 60.4^0.20 
mm. in the spotted class (276 flowers) and 5S.91ho.33 mni. in the 
spotless class (123 ■ flowers). In 1923 a dominant and a recessive 
progeny were compared, with negative results. The two progenies, 
descendants of the same plant, were situated in adjacent and con- 
terminous' rows, hence soil heterogeneity was not a factor. One corolla 
was measured on one plant in each progeny, 41 flowers having been 
measured in the dominant progeny and 42 flowers in the recessive progeny. 
The mean corolla length was 62.3 ±0.36 in the former and 63.0 ±0.39 in 
the latter, , the difference amounting- to only 1.3 times its probable ■ error. 

■A.!though„ these comparisons of - the mean corolla length of the spotted 
and of the spotless populations showed little or no difference, a signifi- 
cant positive correlation between grade of petal spot and length of corolla 
was found, "to -exist within each class. .In the'Fg progenies of 1922, 276 
flowefs of the spotted class on which- both characters, .were measured 


® Oates. R. Ruirgles. vegATativ® - sKGRSGATto'N m- a kvbkig racis. In Jow.' Genetics* v. 6, p', 337 - 
flS3. *9^7* Uist of refereaceSj, -p. 35 ar' 253 .:.-- 

9 ^ PECULIAR TYIPE ,OF VARIABILltY IN.EEANTE, ' (n -JO'UT. .Genetics,- V. JC3. P* X3,-4S, "'24 fig, 

niteratiire ested, p, 44-45. ' ' ' 
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yielded a coefficient of correlation of 0.645 ±.024 and 123 flowers of the 
spotless class gave a coefficient of 0.307 ±.055.^® 

ENVIRONMENTAI. REACTIONS OF THE PETAL SPOT 

There is good reason to believe that both the size and the intensity 
of color of the petal spot vary in response to variations in the physical 
environment, although this has not been tested by controlled experi- 
ments. Soil factors play a. part, not only indirectly, by affecting the rate 
of development of the plant (p. 502) but probably in a more direct manner. 
Thus it has been observed that in Pima cotton fields the petal spot' is 
less well developed where the plants are stunted than where they have 
made a normal growth, although the same stock of seed was used in plant- 
ing the entire field. It has been shown that a positive "correlation 
exists between size of flower and development of the spot, and since the 
flowers borne by stunted plants usually are small, the comparatively 
weak development of the spot on such plants may be regarded as part 
of a general reduction caused by the unfavorable environment. 

The influence of meterological factors will be examined, first, by com- 
paring the means for petal spot in different years and, second, by com- 
paring the earlier and tlie later flowers produced by the same individual 
plant during the same season. 

Data given in Table I indicate that conditions in some years favor a 
more pronounced expression of the petal .spot, the mean grade in both 
spotted and spotless populations, but especially the latter, having been 
notably higher in 1923 than in other years. It was pointed out, in dis- 
cussing the e\ddence for the occurrence of modifying factors, that the 
lateness of flowering of the plants in the spotless parental progenies of 
1923 may have been a factor contributing to the relatively high mean 
of that year. Yet the more pronounced development of the spot in 
1923 can not be attributed wholly to this factor, for the spotted parental 
population, in which the backward plants did not seem to have the spot 
increased as was the case in the spotless population, also gave a signifi- 
cantly higher mean than in previous years. Comparison of the spotless 
populations of successive years in respect to the percentages of flowers 
showing no ti’ace of the spot gives further evidence that conditions in 
1923 favored an exceptionally high degree of expression of the spot. 
Because of the retarded , growih of most of the plants in the parental 
populations of 1923, the recessive 'Fs progenies, in which most of the plants 
had shown a normal rate of growth, were compared with the parental 
populations of ' the two, preceding ' years. The percentages of entirely 
spotless flowers were as follows, the figures in parenthesis indicating the 
total numbers of flowers gTaded: 1921 (290) 43.8 per cent; 1922 (561), 
45.6 ,per cent; 1923 (2,826),' 16,1, per cent, 

' In endeavoring to ascertain ' whether the degree of expression' of the 
petal spot differs in different periods of the same, season, comparison was 
made in 1922 of the means based upon the first 5 flowers and the second 
5 ' flowers ■ graded on the same individual plants. The two means were 
computed separately for 143 dominant plants and for 85 recessive plants. 

w Corolla length and petal spot were correlated positively and significantly in a hybrid between upland 
and Egyptian cottons, the coefficient of correlation for 180 Fs plants having been, 0.244 d;. 047- '.The corre-, 
lations of petal spot with 37 other characters' were determined on.tliis material .and in all, but two cases the 
coefficient of ' correlation was less than 3 • 5 times itS' probableniror. The correlations in qnestion were with 
corolla length and with calyx' dentation, r in the latter case having been — ,22odc .048. Kbarns y, Thom'hs, 

H. SRG'REGATION AND COKREXATIOX OF CHARACrERS IN AN UPOAN'O-EGVPTIaN COYTOH HYBRID. „ tJ- S. 
Dept. Agr. Bui. 1164, p. 45, Table 12. 
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The means for the dominant plants showed no difference between the 
earlier and the later flowers but, for the recessive plants, the mean for 
the earlier flowers was 0.24 ±.039 grade higher than 'tlie^ mean for the 
later flowers. A similar comparison in 1923 on 285 dominant and 267 
recessive plants on which 10 flo^vers per plant had been graded showed, 
in both groups, a difference of o. i grade in favor of the earlier flowers, the 
difference in one case having been 6 and in the otlier case 4,^2 times its 
probable error. In both years, therefore, comparison of the, earlier with 
the later flowers on the same plants gave evidence of a mathematically 
significant but practically unimportant difference in grade of petal spot 
in favor, of the earlier flowers. 

The fact that the early, as compared with the later flowers produced 
by the same individual, tend to give a slightly higher average grade of 
petal spot seems at first glance inconsistent with the fact previously 
noted (p. 502) that the petal spot is apt to be better developed on retarded 
plants than on plants which have ^own more rapidly. The apparent 
contradiction disappears if we consider that the earlier flowers on the 
more advanced plants were produced when these plants were in a stage 
of growtli more nearly comparable to that of the retarded plants. 

A more marked reduction in the petal spot takes place towards the 
end of the flowering season. On October 6, 1923, it was noted that in 
both the dominant and recessive populations the flowers showed a pro- 
nounced diminution in the size and intensity of the spot as compared 
ndtli the condition on August 18, when the grading ended. 

FREQUENCY OF 4-bOCK BOLLS IN RELATION TO PETAL SPOT 

Observation of the growing plants and measurement of the leaves, 
bolls and fiber have shown that the families which furnished the spotless 
parents of the hybrids here described are typical Pima except in the 
development of the petal spot and the proportion of 4-lock bolls. In 
other color characters of the flowers, greenish yellow color of the petals 
and empire yellow* color of the pollen, they show no departure from the 
type. In percentage of 4-lock bolls, the descendants of both of the spot- 
less selections of 1917 exceed the average for the variety as grown at 
Sacaton. This was shown by data from the progenies grown in 1919 
and 1920, in comparison with the general stock of Pima cotton.^^ Ad- 
ditional evidence was obtained in 1921 and 1922, by comparing the spot- 
less parental progenies with progenies representing the normal or spotted 
parents of the hybrids. Data for both the parental and the hybrid popu- 
lations are given in Table XV. 

It is clear from the data in Table XV that in 1921 and 1922 the prog- 
enies representing the two spotless families had significantly higher 
mean percentages of 4-lock bolls than the progenies descended from the 
spotted parents of the crosses, just as, in 1919 and 1920, the spotless 
families had significantly higher percentages than the Pima with 

which they were compared. It is also evident that the descendants of 
spotless plant No. 3 continue to give very significantly higher means for 
this character than the descendants of spotless plant No. i. In Fj the 
percentage of 4-lock bolls in one of the crosses resembles that of the 
progeny representing its spotless parent, while the other cross gave an 
almost intermediate percentage. In F3, the mean percentage of 4-lock 

Kajansy, rUoims H. hsmtabM' vakiatioks 'in an ai»parbnti.y untpob.m varhsxy o» cotton. 
in Jour. A«r. Research, v. at, p. 237-24I. ■ ' 
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bolls in both crosses is somewhat below tbe average ef the parental 
means, but is significantly higher than the percentage of the normal or 
spotted parent. The heritability of this character is shown further by 
the fact that in Fg the cross involving 3-2-4, the spotless family having 
the higher percentage of 4-*lock bolls, gave a mean percentage of 4-lock 
bolls nearly twice as great as the cross involving spotless family 1-3-12. 
Expressed as a percentage of the lower mean, the difference between the 
hybrids (F2) amotinted to 89 per cent while the difference between the 
spotless parental progenies grown the same year (1922) amotinted to 
131 per cent. 


Tabl^ XV . — Percentages of ^4ock bolls in the parental and hybrid populations groimi in 

ig2i and ig22 


Populations of losx. 

Num- 
ber of 
plants . 

Mean percent- 
age, .'1,-lock bolls. 

Populations of 1922. 

Num- 
ber of 
plants. 

Mean pereent- 
age, 4-lock bolls. 

PARENTAL 



parental 



1-3-12-14 (spotless). . . 

14 

4. 15^0.34 

1-3-12-14-2 (spotless) 

22 

4- 54 ±o .37 

12 (spotted) 

20 

2.45i . 21 

12-13 (spotted) 

19 

I. 84± . 25 

Difference 


I. yoi . 40 

Difference 


2. 70ih . 40 

HYBRID (Fi) 


HYBRID (Fo) 


I-3-I2-14X12 

28 

4- • 38 

1-3-12-14 Xl2<^ 

83 1 

' 2. 7i± . 13 

PARENTAL 



PARENTAL 



3-2~4~i (spotless) 

' 27 

9-3ii -33 i 

3-2-4-1-22 (spotless) . 

26 

lo- 5o± . 53 

13 (spotted) i 

14 

2. 92 i .24 j 

13-8 (spotted) ... i 

22 

2 . 44± •M 

Difference ■ . . 


6. 39d: .41 ; 

Difference 


8. o6± . 58 

HYBRID (Fi) 

...... 

1 

HYBRID (Fa) 


3 '- 2 -- 4 -iXi 3 - 

i 

1 33 

5-87i .30 

3-2-4 -! ••••-• 

1 62 

{ 

5 - • 33 


«Two progenies as one array. 


There appears to be no general correlation, either negative or posi- 
tive, between the degree of development of the petal spot and the mean 
Eumber of boll locks per plant. In and F3 of a hybrid between 
upland and Egyptian cottons, the coefficients of correlation for this 
pair of characters were, respectively, —0,043 i 0.137 and o.oii± 0.050. 
As concerns the material dealt with in this paper, the coefficient of corre- 
lation for 125 plants in the progenies of the spotless families grown in 
1920 was 0.069 ±0.060. The correlations were also worked out for the 
spotted (dominant andheterozygous) plants in the Fj progenies of 1922 , tak- 
ing as one array in each case the two progenies of the cross i-3-i2-r4X 12 
and the two progenies of the cross 3-2-4-! X'13. The numbers of plahts 
were, respectively, 55 and 48 and the coefficients of ' correlation ' obtained 
were — o.045±o.o9i and 0.148 ±0.095.^2 . A further indication of ''the 
absence'of linkage was afforded by comparison of the ''mean, percentages 
of 4-lock bolls of the spotted and the., spotless segregates in each 
progeny. There was in no case a ' significant difference, between /the' two 

»The correlations worked out. in the upland X Egyptian hybrid were betwtoi .petal spot giwSe 
mean number of boll locks per plant, while in the crosses described in this paper the correlations were 
between petal spot grade and percentage of 4-lock bolls, rhese are merely different eacpressiohs of the 
same relation, practically all of the bolls in this variety of cotton having cither three or four loc^. , ' ■ 
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means. Finally, the percentage of 4~lock bolls was determined in 1923 
for the homozygous P3 progenies 21-21 and 21-22, the former dominant 
and , the latter recessive for petal spot. Soil heterogeneity v/as not a 
factor in this comparison, the two progenies having been grown in adja- 
cent and conterminous rows. The percentages were 5.11^:0.33 and 
5.33 ±0-34, the difference having been much smaller than its probable 
error. 

The two plants of 1917 which became the progenitors of tlie two spot- 
less families were selected late in' the fall in the course of a search for 
plants having exceptionally numerous 4-iock bolls. The unusual char- 
acter of their flowers was first noticed in their progenies. The spotless 
character is extreme!}^ rare in the Pima variety and, indeed, has not 
been observed except in the descendants of these individuals. Con- 
sidering this fact and the absence of linkage between spotless petal and 
a high percentage of 4-lock bolls, the coincidence would be an extraor- 
dinary one if the original spotless plants had been unrelated. It is 
much more probable that, although discovered almost by accident in a, 
field grown from ''bulk-” seed, tliey were both descended from an indi- 
vidual presenting a chance combination of the two characters. 

DISCUSSION 

Comparatively few characters of the cotton plant have been proved 
conclusively to segregate in definite Mendelian fashion. It has seemed 
worth while, therefore, to present rather fully the evidence that the 
character petal spot affords an example of such behavior. The sharp- 
ness of, the segregation in this case is interesting because the recessive 
allelomorph usually is expressed in a faintly spotted ratlier than an 
absolutely spotless condition. ■ It is also of interest that the character 
proves to be decidedly variable in the homozygous populations, whether 
recessive or dominant, variation being shown not only from plant to 
plant and in response to environic influences, but among' flowers pro- 
duced simultaneously on the same individual plant. 

Petal spot, unlike such diaracters as fruitfulness, size of the boll and 
length and abundance of the fiber, is of no direct agricultural or coni- 
merdal importance. Nevertheless, any character which may serve as 
the ‘‘hall mark"' of an agiiculturally desirable strain or variety is likely 
to prove useful. This is particularly the case in a crop like' cotton, since 
the commercial value of the product depends largely upon Its uniformity 
mid this,' in tum,^ upon the genetic purity of the stock. Cotton is sub- 
ject to cross-pollination and, consequently, in order to maintain pure 
planting seed of a variety, it is often' necessary to rogue, seed-increase 
fields which have been grown in proximity to anotlier variety or stock, 
in order to eliminate accidental hybrids. ■ ' It is obvious that rogiiitig can 
be done thoroughly only if the ■stock to be rogued possesses characters 
whi^ make it easy to distinguish the hybrids resulting from cross- 
pollination with other stocks. It is also important tliat the distinguishing 
characters be recO'gnizable early in -the summer, , before there has been 
opportunity for extensive, cross-pollination , of t^^ parent stock by the 
hybrids present in ■the same field. 

The Pima variety is so uniform: morphologically, that it is usually' im- 
^ssible to detect, in time for roguing,, the ..offspring of , accidental, crosses 
oet^^eh strains which have been selected on the basis ■ of,, fruitfulness, 
eariiness and properties of the fiber and seeds. ' Such, a'.character .'.as "spot- 

less petal meets all the requirements of a serviceable “hall mark” for its 
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allelomorpli, full-spotted, is almost completely dominant. Consequently 
the first-generation heterozygotes resulting from accidental cross-pollina- 
tion witli a normal stock of the variety could be recognized as soon as the 
first flowers open. 

Since spotless petal is a simple recessive, there should be no great diffi- 
culty in transferring this character to any other strain of the Pima va- 
riety. Complications would ensue were spotless associated with marked 
inferiority in characters of practical importance. Fortunately, the spot- 
less families described in this paper are satisfactory in fruitfulness and in 
the length, strength, and abundance of the fiber, hence there is no 
reason to expect that the offspring of such a cross would be infe^or, either 
a,griculturally or commercially. 

SUMMARY 

A conspicuous red spot near the base of the petal characterizes Sea 
Island and Egyptian cottons, while the petals of most varieties of upland 
cotton are spotless. In a hybrid between the Holdon variety of upland 
cotton and the Pima variety of Egyptian cotton, this character showed 
imifactorial segregation, the ratio of spotted to spotless plants in P3 hav- 
ing been approximately 3:1. 

Two plants, discovered in 1917 in a field of Pima cotton, gave rise to 
families breeding true for a spotless or very faintly spotted petal 
Crosses between' these families and an inbred family in which the spot is 
fully developed gave opportunit}^ for study of the inheritance of this char- 
acter within the Pima variety. 

In the first generation of the hybrid the spot was almost but not quite 
dominant, the hybrid means having been significantly lower than those of 
the spotted parental populations. The variability of the hybrid was of 
the same order of magnitude as that of the parental families. ■ 

The second generation of the crosses showed very definite segregation 
into a spotted and a spotless (strictly speaking a very faintly spotted) 
class, the percentages of spotless individuals not departing significantly 
from the 25 per cent expected with a- single factor difference. The varia- 
bility within the spotted class was, however, greater than in the popula- 
tions representing the spotted grandparents, and in two of the four Pj 
progenies the frequency distributions of the spotted segregates were 
l3imodal. These facts indicate that the heterozygotes are partly distin- 
guishable from the pure dominants. ■ 

In the third generation 24 progenies were grown from plants in each F3 
progeny representing, respectively, the most spotted, least spotted and 
most nearly intermediate condition. The behavior in F3 was in complete 
.accord with the expectation. . The eight progenies of f ully spotted F2 plants 
bred true, as did the eight progenies of spotless F^ plants, while there'' was ' 
sharp segregation in each of the eight progenies of F^ plantS:';'''which: were; 
most nearly intermediate'. The percentages of. spotless individuals., in the 
.'Segregating F^ progenies in no "case departed significantly from the e^x,-. 
pected 25 per cent. When all of the segregating progenies are taken as 
■one array the percentage of spotless individuals' is 26.5 ± iffi. The proof, 
is conclusive that the spotless or very faintly' spotted , condition is a simple 
recessive.. . 

. ' The spotted class in seven of the eight segregating F^. progenies .gave „a. 
'.bimodal distribution, this .fact confirming the, evidence, from Fj.'and.'F,' 
that full-spotted is not completely dominant' and that the heterozygotes 
are partly distinguishable. 
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The question whether modifying factors are involved, in addition to the 
major factor which determines presence of the spot as contrasted with its 
complete or nearly complete absence, was not answered decisively. There 
were indications of a slight degree of segregation in and some of the 
dominant and recessive Fg progenies showed apparently significant 
increase or diminution of the spot in comparison widi the corresponding 
parental population. But it was found tiiat environmental factors had 
contributed to these differences in Fg by influencing tlie rate of develop- 
ment of the plants in the several populations. Furthermore, selection 
within the parental lines appears to have resulted* in no perceptible 
niodificatk)n of the spot. ' Yet, although the evidence at hand does not 
prove the existence of modifiers, it by no means justifies the conclusion 
that such factors are not involved. 

The character petal spot shows considerable variation on the. individual 
plant, even among flowers ivhich open on the same day. The variation 
was not greater in the heterozygous than in the homozygous popu,lations. 

The degree of expression of the petal spot w^as found to be correlated 
positively and significantly with size of the flower, in both spotted a.iid 
spotless populations. There was, however, no evidence of linkage. 

The spot is affected by the environment, being responsive to soil 
variations and also to seasonal changes. Differences were noted bodi as 
between different seasons and as between different periods of the same 
season. 

The spotless families are typical Pima in all other characters, except 
that they have given consistently a higher proportion of 4-lock bolls than 
normally spotted Pima populations grown under comparable conditions 
at the Sacaton Station. 

There is an entire absence of linkage between spotless petal and a 
relatively high mean number of boll-iocks and tlie spotless condition has 
been observed only in the two families described in this paper. It is 
probable, therefore, that the progenitors of these families, although dis- 
covered in a population grown from “bulk‘' seed, were nearly related if 
not sister plants. 

Such a character as spotless petal should be useful as the ‘'hall-mark’' 
of an agriculturally and commercially valuable stock of Pima cotton. 
The fact that spotless is recessive would make it easy, in x'oguing seed- 
increase fields of a strain possessing this character, to recognize the first 
generation hybrids resulting from accidental cross-pollination witli iiornial 
Pima, since they would have the spot well developed. 

The recessive nature of spotless should make it readily transfe, table by 
hybridization to any .desirable strain of this variety. No unfavo.rable' 
results from.' such' combinations need be anticipated, for the existing spot- 
less families are not inferior to the average of the variety in fruitfulness 
and in the properties of the fiber,. 




PLATE I 


Basal portions of petals of Pima cotton showing the range of' grades in the spotless 
and noimial families and in the hybrid between them. Grades o (fig. i) and 3 (fig. 2) 
represent approximately the extremes of the recessive populations, while grades 6 
(fig., 3); and 9 (fig. 4) represent approximately the extremesof the dominant populations. 
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BREEDING, FEEDING, AND OTHER LIFE HABITS OF 
MEADOW MICE (MICROTUS)F 


By Vernon Baieey 


Chief Field Naturalist, Division of Biological Investigations, Bureau of , 'biological 
Survey, United States Department of Agriculture 

INTRODUCTION 


The meadow mice, field mice, or ground voles, of the genus Micratus 
(2)f comprising numerous species and geographic varieties, are widely 
distributed throughout Europe, Asia, and North America, mainly in 
Temperate and Boreal Zones. Comparatively few species live in the 
Tropical or Lower Austral Zones, but many range north far beyond the 
Arctic Circle. Their greatest abundance and importance, however, is 
in the middle zones, the region of greatest agricultural production. 

These rodents are all small or of medium size, with a stout compact 
body, short legs, short tail and ears, small eyes, soft fur, and dull colors, 
as becomes ground dwellers and habitual burrowers into the earth. 
Some are semiaquatic, living in marshes or along the banks of streams; 
■others occupy the meadows, uplands, and even the semiarid parts of 
our desert areas. With this wide range of adaptation one or two, or 
sometimes three or four, species in a locality occupy most of the fertile 
areas of the United States and Canada, where they become of economic 
importance as farm and orchard pests {4; 5, p, 121-123; 9t P^ 97-102; 
10; 12; 20). 

MOUSE PLAGUES 

In the Old World, meadow mice have for centuries presented serious 
agricultural problems, suddenly appearing in vast hordes that devoured 
the crops over extensive areas and causing heavy losses and much 
human suffering. Full accounts of these mouse plagues, which have 
appeared in Scotland, England, France, Germany, Italy, Greece, Hun- 
gary, Russia, Siberia, and Kamchatka, have been published.® 

In our own country there are constant waves of abundance and diminu- 
tion in numbers of meadow mice, not country-wide, but rising and 
falling locally like swells of the ocean. These are noted in frequent 
complaints of unusual damage to crops or fruit trees by mice in different 
parts of the country, and some of the higher waves have been designated 
as mouse years or mouse plagues (16). 

One of these waves occurred during 1907 in the Humboldt Valley, 
Nevada (x<5), a rich agricultural area then under irrigation and support- 
ing enormous areas of alfalfa that would yield two or three heavy cut- 
tings a year with an aftermath for pasture during a part of the mild 

, 1 Received for publication, Eebniary S, 1924. 

® Reference is made by number (italic) to “Literature cited,’" P. S 34 -S 3 5 * . . . . , , 

■ 5 For references to accounts of mouse plagues in Old World countries, see list of literature in I^ntz s 
•report on field mice (xj, (54). 
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winters. Tlie ranches were large, mainly from 500 to 1,000 acres each, 
and some with as many as 4,000 acres. Cultural methods were lax at the 
time, and ditch banks, fence rows, and roadsides were a tangle of dense 
vegetation that remained uncut throughout the year. 

Under this wealth of cover and with the rich food of alfalfa, the native 
meadow mice {Microius montanus) became abundant during the fall of 
1906, but were little noticed. By the early summer of 1907 the fields 
were full of them and only half a crop was harvested in the June cutting, 
and in August still less, and over whole ranches none. In the valley 
below Lovelock, Nev., crops and orchards had been destroyed or ser^ 
iously injured, and many of the fields were bare of vegetation in Novem- 
ber, 1907, and the millions of mice were digging deep into the ground for 
the alfalfa roots. In some of the fields there were literally thousands 
of mice to the acre. 

The mone}?' loss to farmers from mice in that part of the valley was 
conservatively estimated at a quarter of a million dollars. Mice were 
also reported as very numerous and destructive to crops in the Carson 
and Paradise Valleys and at other points farther up the Humboldt 
Valley, but these areas were not included in the estimates of losses. A 
similar outbreak of these mice was reported by the ranch owners in 
1899 and 1900, with almost as heavy losses as in the one cited. 

A poisoning campaign was instituted by the Biological Survey of the 
United States Department of Agriculture under the expert supervision of 
Stanley E- Piper. The farmers combined to distribute poisoned food 
until the numbers of mice were reduced to a point where the situation 
could be controlled by their natural enemies, the coyotes, foxes, bob- 
cats, badgers, skunks, weasels, owls, hawks (7, S), ravens, crows, magpies, 
gulls, herons, and shrikes, which had congregated in unusual numbers 
to feast on them. By the next spring the mice were scarcely more 
numerous than usual. Their food supply and protecting cover had 
been consumed during the mnter and reproduction had diminished while 
their enemies multiplied. 

STUDY OF HABITS 

To understand more fully the underlying causes of such rapid increases 
in numbers of these rodents, which are referred to generally in the litera- 
ture dealing with field mice (i, p. 341-346; ( 5 , p, 2g2~2gg; 13, p. J74-177; 

403-406; 13, p. 2f 3-2^6; J7, p. 186-191; 18, p, 97-101; rg, p, 515- 
337), the Biological Survey has undertaken studies of the breeding and 
feeding habits of the common eastern representative of the group, Micro- 
tus pennsflvanicus, which with its subspecies covers over half of the 
continent"' of North America, To recount these experiments, in detail 
would be tiresome and needless, for the general results are sufficiently 
startling in significance and practical application. 

GBHERAL HABITS OF MICROTUS PFNNSYUVANICUS 

^ Pennsylvania meadow mice are primarily meadow dwellers.. 

They are capable, however, of adapting themselves to almost any situa- 
tion where' a choice food supply is obtainable, and live in flooded marshes 
■'where they are forced to swim' from one dry spot to another, cross. small 
streams, or even range out over dry uplands in fields or orchards. They 
aie active throughout the year; in winter, with thick fur coats, enjoying 
the restricted life under the deep snows in the north as much as their 
greater freedom with its increased dangers in summer. They dig nu- 
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merous shallow burrows m the ground, connected by a network of tiny 
roadways under the old grass-' and fallen vegetation, which protects them: 
from the view of overhead enemies; build soft clean nests of fine grass 
and plant fibers under or on the surface of the ground, and in these nests 
raise their large families of young, and generally live a sociable, com- 
munistic, primitive type of animal life. While not highly endowed with 
even rodent intelligence, they are quick to adapt themselves to the 
food supply that is available, to the best possible means of protection 
from enemies, and to make the best of what, from the point of view ot 
even a squirrel, might seem a very humble existence. 

VOICI^S 

Meadow mice are by no means dumb, as some have asserted, though 
to our gross ears they may seem so. The young have many forms of 
minute whimpering, whining, cr}dng sounds which seem to have a mean- 
ing to their mother. As she leaves the nest, and perhaps interrupts their 
meal, there is a fine little complaining jumble of whimpers from the very 
young, to which she pays no attention. If one tumbles out of the nest 
and lies wriggling helplessly on the floor it cries with a vigor that brings* 
a quick parental response and is carried back and replaced in the nest.. 
If it falls far enough to be slightly hurt but not to be greatly injured at 
sharp squeal of pain sets the mother frantic to find and help it. 

The adults and the older young have little talky squeaks and sharp 
cross squeaks and savage squeals, and in a fight a" blur of squeaks and. 
squeals and guttural growls, not far different from a dog fight on a very 
small scale. Then there are chatterings of teeth at each other and stamp- 
ings and scratchings on the ground when rivals meet, all of which, and: 
probably much more that we miss, have an evident meaning to them. 
A stranger or friend is recognized, either by voice, odor, sight, or other 
token, as quickly as we recognize a friend or foe. 

DISPOSITIONS 

In their home life these mice are sociable, friendly, playful, and happy 
among the members of a well-fed family or colony, but are savage fighters 
in the case of rival males or of females in defense of young, or among" 
strangers. When liimgry or without comfortable nests or living con-* 
ditions, they become cross and quarrelsome, will fight among themselves,,, 
even, to the death, and will eat those killed, especially the young. 

They are fond of meat at any time, have no scruples against cannibal- 
ism, and will generally kill and eat newly born young not protected by 
the mother. Being ready fighters and always on the defensive, they 
will usually bite^ anything that catches or touches them, but can be 
safely handled, either by catching them firmly in the hand from above 
or by letting them run over the hands or arms or from one hand to the 
other. They are not easily so tamed as to be gentle and safe to play 
with, but, unlike many of the native mice of other groups, are not timid 
and nervous. 

INDIVIDUAUTy 

There is great, individuality, however, in dispositions andhabits, some 
mice being comparatively timid and nervous, while others are more 
gentle and confiding, seeking rather , than avoiding notice. ' Some:;: are 
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very fond of certain foods which others have not learned to like or will 
not eat. Some individuals are very talkative, always squeaking or 
making some noise at the others, while more of the individuals are 
quiet and generally silent- Some are far more pugnacious than others 
and often bite if handled, while others may be held in the hands and 
stroked without offering any. resistance. These differences , are noticed 
in the young just beginning to run about, and seem to be to some ex-, 
tent inherited characteristics. Certain pairs will live together in perfect 
accord, while others will quarrel and fight and refuse to occupy the same 
nest. Some females will accept the attentions of only one male and will 
savagely resent the advances of all others, while others show no prefer- 
ence and will accept attentions promiscuously. 

Most of the males are highly polygamous, but one pair that lived to- 
gether until after the young were born were from the first very affec- 
tionate, remaining much of the time together in the nest box and paying 
little attention to the mice in neighboring cages. This male would not 
voluntarily leave his cage nor enter the cage of another female, even 
when called. This was very unusual, as most of the males were eager 
to go into other cages and make friends with the females or fight with 
the males. 

In No. 6 cage a male and female had lived contentedly together and 
raised two families of young, while against their cage an old female lived 
alone in No. 3 and was on friendly terms with her neighbors through the 
wires. After she had given birth to her fourth family of eight young 
she was making her peculiar squeaking calls, which the male in the other 
cage evidently recognized as an invitation to visit her, and as he eagerly 
came up over the edge of his cage and down into hers the female in cage 
No. 6 became greatly excited and twice forced her way out under the 
roof of her cage and tried to get into cage No. 3 to punish her rival. Not 
being allowed to do this she stormed around her own cage, squeaking, 
kicking up the sand on the floor, biting the wires, and showing every 
indication of rage until her mate came home in the evening. Then she 
pounced upon him, bit his nose, chased him around the cage, squeaking 
and scolding at him until he was severely punished. She was cross 
with Mm all the evening, but the next day had settled down to her usual 
pleasant frame of mind and had evidently forgotten her domestic 
•troubles., 

. A neighboring male that came into cage No. 1 during the mating time 
of the old pair that had been captured in their wild state was pounced 
upon by the female and his foot so badly bitten that he was glad to es- 
cape to, his own cage and nurse his bloody paw. In other and the ma- 
jority of cases the females made no .objection to their mates visiting other 
females as .much as they mshed, and these two cases are exceptions to 
the usual free-love manner of life among these polygamous little animals. 
; ; These i,iacideiits, however, show variable tendencies in the social life 
of the meadow mice, which, under certain conditions of environment, 
might' lead' to , perfect monogomy if for any reason this should prove 
beneficial tO' the species. , 

PI^AYIHG 

With such quick and energetic little animals it is sometimes difficult 
' to distinguish' between work and exercise and mere play. The young, 
soon after their eyes are open, will push and pull and, roll each other 
about in unmistakable sport and up, to half-grown size are conspicuously 
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playful, but the vigorous exercise' of the older animals seems more like 
tlie necessary release of superabundant energy, or sometimes an expres- 
sion of nervous excitement. In the cages they get abundant exercise 
and apparently much enjoyment from running in their hollow revolving 
wheels or around on the inclined disks, sometimes two running side by 
side in a vrheel, or two to five running together at high speed in perfect 
time and step on a rapidly revolving disk. They soon acquire great 
skill in jumping off and on without checking the motion of the disk, and 
if the motion is checked they may all reverse and start at full speed in 
the opposite direction. In a cage with a large number of occupants the 
wheel is kept going much of the time both night and day, even by old 
and fully grorm animals, but wdth one or a pair in a cage, the early morn- 
ing and evening are the busy hours for exercise, or play, as you choose 
to call it. 

FIGHTING 

In their own families and among their own friends meadow 
mice are generally friendly, playful, and even affectionate, but there are 
times when with strangers, rivals, or intruders they are vicious little 
savages. The mother will fight anything from another mouse to a bull- 
dog or a man in defense of her young. Possession of a cage, a nest, or a 
favorite corner is sometimes the cause of a quarrel, of squeaky disputes, 
or even a fight in which the intruder generally yields and retires. The 
mating of a strange male and female often begins with several little 
fights in which the male sometimes gets a bloody nose, while the female 
seems never to be injured, but usually after a few minutes they are fully 
mated and the affair has passed as a mere formality of microtlne eti- 
quette. If die female is not ready for mating she may keep up attacks 
on the male until he is forced to retire to a comer and nurse his injured 
feelings, if not an injured nose. 

The real fights are among rival males and usually males from different 
families, and these axe apt to be serious or sometimes fatal. One nearly 
full-grown male that by mistake was dropped into the cage with an older 
and larger male was nearly killed in a few minutes before it could be 
rescued. Both fought savagely and so fast that their motions were a 
complete blur, so that nothing could be seen of their methods of attack. 
When separated, the smaller one was found to be so badly injured that 
he was killed and his skin and skull saved for a specimen. He was bitten 
around the head, on the back, belly, feet, and tail, two large gashes were 
cut across the abdomen, and the skin of the back was so full of holes that 
it looked like a shotgun target. He would have been killed in a very sh«rt 
time if left in the fight. The larger male seemed stiff and sore for a few 
days, but recovered from his injuries. Occasionally, a male is trapped 
in the meadows with his skin cut full of holes from a fight, in which case 
he may be safel}^, assumed to be tlie sole survivor of a fatal combat.' 

SANITATION 

Like most wild animals, meadow mice are as neat ' and " cleanly in 
habits as circumstances permit. . Although often digging in the earth 
and running' through the mud they also run through shallow water and 
swim' and dive on occasion. Their fur 'is' fairly waterproof and when 
wet quickly dries as it is carefully' combed and cleaned. After working 
in the earth the mice clean their nails and comb their fur, which they 
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usually keep in perfect condition. Without plenty of water or dry earth 
the fur becomes oily and rough, but either water or sand removes the 
excess oil and leaves it light and fluffy. 

The nests are kept clean while in use and are abandoned when they 
get old and stale. New nests with soft linings are usually prepared a few 
days in advance for each litter of young, so that new nests or fresh 
linings are generally provided about every 2 o days . 

Their little long green pellet-like excrements are more or less scattered 
along the trails and on the feeding grounds, but in the burrows or near 
the nests they are deposited in little heaps in out-of-the-way places. 
In the cages some comer farthest from the nest is usually chosen for the 
purpose, or sometimes the water dish is used as a urinal and the pellets 
are deposited in a corner or in another dish. In such case to keep the 
cages from becoming foul they have to be cleaned frequently and supplied 
with fresh sand or sawdust. As an experiment, outside receptacles were 
provided by placing a square tin can with a hole in the side large enough 
for the mice to enter from a corresponding hole in the side of the cage. 
An inch of sand in the bottom of this can gave an attractive little dark 
compartment which the -meadow mice at once adopted and used exclus- 
ively for toilet purposes. As the cans merely hooked onto the outside 
of the cages and could be conveniently emptied and supplied with fresh 
sand every day or two, the cages were kept clean with little trouble. 

BREEDING HABITS 

It has long been kno-wn that these mice are very prolific breeders, 
specimens of females containing embryos, usually four to eight in number, 
being taken at all seasons. The mammae are arranged in four pairs, two 
of inguinal, and two of pectoral on four elongated mammary glands, and 
eight young should be die normal maximum number. 

FREQUENCY 

In captivity the young, if well fed, begin to breed when less than half 
grown, the females mating with older males when only 25 days old and 
having young when 45 days old, and the young males mating when only 
45 days old. The period of gestation is approximately 21 days, in one 
case 20 days and 17 hours. The breeding activities are practically con- 
tinuous, the females mating immediately after the birth of the young and 
producing litters of usually 4 at first, but when full grown, after the first 
or second litter, usually 6 or 8 at a birth. Seventeen consecutive litters 
of young have been produced by one female in captivity within a year— 
May 25, June 14, July 8, July 29, August 23, September 18, October 18, 
November 9, November 30, December 21,, January 12,, February 2, 
February 23, March 18, April 8, April 30, May 20 — and then she showed 
no signs of being near the end of the, breeding period, while several genera- 
tions of her young have busily followed her example, one of them, born 
on May 25, having produced 13 families of young, totaling 78 in number, 
before she w,as a year old. ■ 

The number of young in a litter ranges from 2 to 9, and with the orig- 
inal pair, averaged 5, totaling '83 'in 17 litters. , At this rate of increase, 
■allo-^ving equal numbers of males and females , and the young' beginning 
to breed at 46 days old, the total increase from one pair, if all lived and 
bred, would be over 1,000,000 individuals at the end of a year. If all 
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these were confined to one acre of ground, this would mean a little more 
than 20 mice to every square foot. 

MATING 

Mating*' is only for the immediate needs, and a misnomer at that, 
because a female usually accepts the attention of any number of males 
in rapid succession and shows no choice of individuals, favor to young 
or old, or any regard to relationship, whether sire or brothers or previous 
offspring. There seems to be no moral necessity of life with them other 
than the most rapid increase possible of individuals of the species. The 
one exception to complete promiscuity is provided by nature in the slower 
sexual development of the males, which prevents inbreeding within the 
litter before die young have scattered, the males not coming to sexual 
maturity until about the time tlie first young of the females of the same 
litter are bom. Furthermore, respect for the females during pregnancy 
by even the most virile old males is enforced with such spirit that it 
seems never to be questioned. 

When a half-grown female jumps and squeaks at an old male, he cringes 
or runs, for he knows that her teeth are sharp and that she will not hesi- 
tate to use them. If he comes too near her newly bom young, the mother 
will sometimes punish him severely before he can get out of reach. If the 
ve:ry young are left unguarded, the males or other members of the family 
will often kill and eat them or sometimes wantonly bite and kill them all 
before their mother returns. In crowded cages it is difficult to prevent 
the young from being killed, but the mother is a model of care and solici- 
tude, ready to fight to the last for them and to use all her intelligence and 
energy in their protection. 

NBSTS 

The female builds a new nest for the reception of the young, endeavor- 
ing to place it where none can find it, but if discovered and disturbed 
she promptly removes the young to a place of safety. If suddenly 
alarmed she often rushes out with all of the young clinging for dear life 
to her nipples and drags them for some distance along the runway or 
under cover, where she can gather them and carry them one at a time 
in her mouth to another nest. So quick and shuttlelike are her motions 
that the young disappear as if by magic, and when one nest box is dis- 
turbed the young will all be found a few moments later in another. 

In cold weather the nest is built especially thick and warm, and the 
newly bom young are not left for more than a few moments at a time, 
and then the mother covers them up securely before she leaves them. 

One old mother in No. 3 cage had a new family one cold night in 
March. In the morning she was very hungry for her breakfast when it 
was placed in the cage, but was greatly worried about the young getting 
cold if she left them for a minute. She rushed out of the nest box and 
back several times without stopping to eat, and seemed greatly disturbed. 
Suddenly she rushed up to her one remaining young of the previous 
litter, then 22 days old, well furred and nearly half grown, seized it in her 
mouth and carried it into the nest, and leaving it with the tiny naked 
babies, returned to the food. The foster mother soon reappeared at the 
breakfast table but was instantly grabbed up, rather roughly, and with 
many squeaks carried back into lie nest, where this time it remained 
while the real mother finished, her breakfast... . 
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CARE OR YOUNG 

The yomig ax*e hairless and weigh only about 3 gm. each when born, 
with closed eyes and ears and no trace of teeth. They grow rapidly, 
however, gaining after the first few days about i gm. a day until over 
half grow^n. Their dark-colored fur begins to appear as soft velvet in 
five or six days, their incisor teeth about the fifth, the molar teeth about 
the seventh, and their eyes and ears open on or near the eighth day. As 
soon as their eyes are open they are quick to run and hide if disturbed, 
and a few days later are out of the nest searching for food, following, the 
trails, and, if in cages, running on. the wheels, playing and pushing for 
their rights. 

When about 12 days old, the young are weaned, but they remain with 
their mother, occup^dng the old nest and holding together in friendly 
family relations until time for the next installment of young, when the 
mother seeks or builds a new nest and leaves her previous family to care 
for itself. If food were abundant, they would remain contentedly 
together for an indefinite time but for the disturbing sexual forces which 
before they are full grown impel the females to seek new homes for pro- 
spective offspring and the males to wander constantly in search of one 
mate after another. 

FACTORS MODIFYING BREEDING 

Factors modifying breeding activities are food, weather, cover, 
proximity, and contentment. ^ group of 9 mice, 5 females of breeding 
age and 4 males, kept in roomy cages and starved for 36 days until 
hungry, thin, cross, and squealing like half -fed pigs, showed no signs of 
breeding until at the close of the period when the quantity and quality 
of their food had been brought up to a satisfying point. The females, 
fighting the males a-way, kept them constantly cowed and in fear of their 
lives and actually killed and partly ate one old male, the largest animal in 
the cage. They also killed and ate one quarter-growm young at the time 
when famine was sorest. As their food was increased and changed to 
more nutritious quality the females rapidly yielded to male attention 
and all were quiet and contented again. Even for this short period, 
others in cages w^here well fed had raised one family of young and had the 
next well under way. It seems highly probable that a natural shortage 
of food in a dry year or some other cause might retard breeding for a 
much longer or for an indefinite period. The three litters of young 
afterward bom to the starved females numbered only 3, 4, and' 5, while at 
the same time, in cages well supplied with food, 5, 6, and 8 were the 
usual numbers. 

Weather apparently has an effect on the rate of breeding, for while 
under certain conditions the mice breed in winter, their breeding activi- 
ties are generally much retarded then or entirely suspended. Of great 
numbers of specimens collected at all seasons of the year, few females are 
found, to' contain embryos in winter except in warm southern climates or 
where there is unusual protection. In Minnesota tiny naked young are 
sometimes^ found in nests under haystacks in midwinter, but in less 
sheltered localities with only the normal winter food they are rarely 
found. While the reduced winter food supply may be partly responsible 
for the general suspension of winter breeding, the excessive cold seems 
undoubtedly a potent factor. , The continuous hot weather of the Tropics 
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seems to be a bar even tO' the existence of the mice, but in the Temperate- 
Zones they breed continuously through the warm seasons. 

Cover, or some secure place in which to construct the nests, seems 
necessary for favorable breeding conditions or for the contentment of the 
animals. In fact, where not protected from overhead enemies by some- 
concealing screen of vegetation or other cover they are soon exterminated. 

Scarcity of individuals may often tend to retard or entirely to check 
reproduction. The mice may be left stranded out of reach of mates, 
when breeding perforce ceases until stimulated by a gradual influx from-^ 
other localities. 

Discontent with environmental conditions, nature of soil, lack of water, 
terror of enemies, or any other disturbing elements might well prevent 
breeding and scatter the individuals. A change from an old cage to a 
new and better one will sometimes cause several days of unhappiness, 
struggle and effort to escape, gnawdng at tlie wires, frantic running round 
and round the walls, impatience and snappishness with each other, and 
especialty a savage attitude of females toward the males. 

On the other hand, breeding is evidently stimulated by rich food, 
mild weather, safety, quiet, sociability, comfortable living conditions, and 
general contentment. How far this would continue without degener- 
ation of the vigor of the species has not been determined, but for a time 
at least the stimulating effects of abundance and prosperity are pro- 
nounced. 

FOOD HABITS 

In their native habitat meadow mice feed to a great extent on grasses 
and sedges, selecting the tender new shoots in spring, the inner hearts at 
the base in summer, the green and ripening seeds in summer and autumn, 
and the tender bases, dormant sprouts, roots and root stalks, bulbs, 
tubers, and the bark and buds in winter. They feed also on the 
clovers and a great variety of meadow and upland plants, eating both the 
green tops, flowers, and seeds, and the roots. 

In times of scarcity, especially in winter and under protection of snow, 
the mice eat the inner bark and tender cambium layer from shrubs, 
trees, and vines, often completely girdling the trunks as high as they 
can reach above ground and stripping the roots well below the surface. 

In fields, gardens, orchards, and home grounds the mice show a fond- 
ness for grains of all kinds, most garden vegetables, and the bark of many 
fruit and ornamental trees, shrubs, and vines. Often they cut down and 
destroy and waste far more growing vegetation than they eat. 

STORIES 

In times of abundance, and especially in autumn, food is stored for 
future use. Along the upper Missouri for ages Indian tribes have gath- 
ered part of their winter food by robbing the mouse stores of ground 
beans, artichokes, and other tubers. Several quarts or a peck of these 
beans and tubers are often taken from a single cavity, and a person can 
sometimes gather several bushels a day from the mouse stores {3). In 
other parts of the country various root^, tubers, and bulbs are stored. 
In captivity the mice will often secrete all surplus food under or near the 
nest, sometimes filling their nest boxes full of seeds, ^ains, and vege- 
tables. In cold weather when the young are about to be bom, the mother 
stores up all spare food and places it around the nest where it can be 
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readied without her leaving the delicate, naked young or exposing them 
to the cold. Approaching maternity may often be noted by this habit. 

IN CAPTIVITY 

In captivity mice will eat a great variety of green vegetation, but 
they show an especial fondness for all of the clovers and other legumes. 
Grass is extensively eaten, but does not satisfy them so well as clover, 
and is always left if abundance of both are fed together. Mice are especi- 
ally fond of cantaloupes, completely devouring the rinds left from the 
table. Green corn is one of their favorite foods, and even the cobs are 
picked bare to the core. Most vegetables are eaten with more or less 
relish, as well as all grains and seeds, bread, fruit, fresh meat, fat, or 
bacon. Rolled oats seems to be a favorite food with both young and 
old. 

Like all their vital processes, feeding and the elimination of waste 
are very rapid. The animals apparently eat every few hours all day 
and all night, and the accumulations of pellets in the corners of the 
cages grow rapidly. 

QUANTITY OP POOD RpQUIRpD 

The quantity of food eaten is astonishing. In one cage, 30 days' feed- 
ing of 10 mice with all the clover, cantaloupe, grain, and seeds they would 
eat showed, after deducting 10 per cent for waste which could not be 
otherwise accounted for, that an average of 55 per cent of the weight 
of each animal was eaten every 24 hours. This was on the richest kind 
of food, such as they rarely obtain in the wild state. 

In another cage during the same period nine that were fed grass, 
clover, and cantaloupe rinds, with no grain or seeds, ate, after deducting 
10 per cent for waste, an average of 107 per cent of their weight every 
24 hours. This would seem more nearly their normal ration in a wild 
state and the best basis for computing food consumption. Some days 
they ate nearly twice their weight in green food, but only after they had 
become unusually ravenous. In both cages they had revolving wheels 
on which they exercised vigorously and were living fairly normal, con- 
tented lives. 

In one cage the average weight of the animals was 30 and in another 
33 gm. a part of the animals being immature. The adults average 
about 50 gm. but 30 gm. would be a fair average for the general run 
of young and old meadow mice in the field. 

AGGREGATE DESTRUCTIVENESS 

At 30 gm. a day one meadow mouse would consume 10,950 gm. (23 
pounds) of green food in a year, and 100 mice 2,300 pounds, or a 
little over a ton of green grass or clover, which would make about half 
a ton of dry hay. 

A hundred mice to an acre is not an unusual number in meadows 
favorable to theirhabits, while in *^mouse years'' or during mouse plagues, 
the number has been estimated at thousands to the acre. Even with 
1,000 to the acre it is easily shown that mice consume more vegetation 
(iiX tons) than would ordinarily grow on an acre in a year. 
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Mouse plagues, disastrous as they are locally, are of minor importance 
in comparison with the steady yearly drain on crops by the mice over 
the country at large in normal years. Even as few as lo meadow mice 
to the acre on loo acres of meadow would take about ii tons of grass, 
ot tons of hay, a year. Or this number on the 65,000,000 acres of 
hay raised in the 38 mouse States [see ‘'Monthly Crop Reporter/^ p. 153, 
1921 (ax)], would cause a loss of over 3,000,000 tons of hay a year, or a 
money loss of some $30,000,000 annually in hay alone. 

Of other crops, grains suffer most from the ravages of meadow mice, 
especially when left long in shocks or stacks after harvest and in situa- 
tions where accessible, but from the seed and sprouting grain to the 
ripened crop all grains are eagerly eaten. Small fields are li&ly to suffer 
most, as the mice penetrate less readily to the middle of large cultivated 
areas. 

Root crops and vegetables are sometimes injured by meadow mice, 
but usually not so seriously as by the more exclusively burrowing pine 
mice {Pitymys). In times of great abundance of the mice, however, 
they have been known seriously to injure the potato crop and almost 
to destroy many garden vegetables- 

Destruction of fruit trees and many ornamental trees and shrubs in 
winter by the mice eating the bark from the base of the trunks, often 
completely girdling and eventually killing them, causes more annoyance 
than any of the more serious and less conspicuous losses. This is usually 
done under cover of deep snow with no indication of harm until the snow 
has disappeared in spring. Many fine ordiards have thus been seriously 
injured or completely ruined. 

METHODS OF CONTROL 

The importance of keeping these mice under control and at a minimum 
number is clearly seen. Much has been published on their habits, 
depredations, and the most economical methods of destruction, and the 
appended references are to papers that cover this phase of the subject: 
4; 5; 9 , 9J-102; 10; it; 12; 16; 18, p, 9y-2oi; 19, p, 313-337; ^o. 

The most economical and practical method of control, that is, control 
by natural enemies, has been given least emphasis. In his studies of 
the food of hawks and owls (7, 8), Dr. A. K. Fisher has shown the great 
value of these birds in reducing ^e numbers of meadow mice, but the 
value of many other birds which feed upon them — ^guHs, terns, herons, 
bitterns, cranes, ravens, crows, magpies, shrikes, jays, and others — ^has 
not yet been fully recognized. The enormous consumption of these mice 
by skunks, minks, weasels, martens, badgers, foxes, coyotes, bobcats, 
lynxes, and even bears can not fail to have a marked influence on their 
abundance. To what extent they are preyed upon by shrews and flesh- 
eating rodents is not fully known. Snakes and even fish help to keep 
them under control. 

The mouse problem involves more than protecting the enemies that 
are otherwise not too obnoxious; it means giving these enemies a chance 
to see and catch the mice, at least at the borders of the fields and meadows, 
and along the roadsides. Simple cultural methods, that would pay for 
themselves in the reduction of weeds and in added beauty of landscape, 
would remove the permanent cover that makes it possible for the mice 
to persist in otherwise well-cultivated areas. Clean fields and meadows, 
and clean borders, roadsides, and ditch banks, would help to solve the 
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problem of mouse . control, prevent occasional ' heavy losses, and add 
considerably to the yearly farm returns. 

USES 

Total extermination of meadow mice, even locally, would be as 
impossible as it would be undesirable. These rodents are firmly intrenched 
in the waste places of the earth where they do no harm and may do some 
good. Then, too, they have a value, even from our narrow and selfish 
point of view. Seton has called them ‘'the boats especially designed to 
bring over food from the Mainland of Grass to the Island of Carnivores,” 
and they certainly are largely instrumental in supporting many of the 
animals that provide us with warm furs. They are also the daily bread 
of numerous birds of prey that agriculture could not well spare without 
great danger from other rodent pests. To some of the native tribes of 
America they still supply an important part of the winter vegetables 
from their winter stores of ground beans, tubers, and roots (5). 

More than any other group of small mammals, meadow mice hold the 
key to the balance of natural adjustment for a large portion of our native 
bird and mammal population. They have also a vivid lesson for us in 
the struggle of life, the surge of dynamic biological force against the 
shores of relentless destruction, a fierce struggle for existence, which, 
through highly perfected adaptation to environment, has won a weih 
balanced coordination of body, mind, and morals that serves the best 
end for the perpetuation of the species. 
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PLATE I 


A. — The original female used in the studies described, weighed when captured^ 
April 1, 1922, 32 gm. On August 20, just before the birtli of six young, she weighed 
70 gm., and after their birth 54 gm. On May 20, 1923, just before the birth of six 
young she weighed 105 gm., and after the young were bom 80 gm. 

B, — The old male when captured, April i, 1922, weighed only 36 gm. On August 6 
he weighed 56 gm., and on May 20, 1923, 72 gm. Another male born on May 25 
weighed when a year old 81 gm. 
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PLATE 2 


ii0' 

A. — A simple wire-mesh cage in a sand pan, with nest box, food and water dishes, 
and a vertical hollow wheel for exercise, makes comfortable quarters for mice and is 
easily cared for. The top is hinged so as to open upward. 

B. — ^A small, quarter-inch wire-mesh cage containing nest box and water dish on 
shelf, a revolving disk for exercise, and sand and food dishes on the floor, will ac- 
commodate one mouse very comfortably and can be connected by side doors with 
otlier cages. 

C. — Tracks of a meadow mouse trotting over a thin layer of white flour; about nat- 
ural size. 



PLATE 3 


A. — ^Yotitig just bom. 

B. — ^Youtig tour days old. 

C. — Young seven days old just before the eyes and ears open. 

The young at birth are naked, blind, toothless, and helpless, weighing only about 
3 gm, each, but they grow rapidly. All about natural size. 
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inheritance of the crinkly, ramose, and 

BRACHYTIC CHARACTERS OF MAIEE IN HYBRIDS 
WITH TEOSINTE' 

By J. H. Kempton 

Assistant Plant Breeder, Office of Biophysical Investigations, Bureau of ^ Plant Industry, 
United States Department of Agriculture 

INTRODUCTION 

To be of maximum efficiency, plant breeding must deal with all existing 
wild relatives of the plant being bred, for it is only in this way that inves- 
tigators can take advantage of special characteristics acquired through 
ages of evolutionary progress. Zea is a monotypic genus, and its nearest 
wild relatives are the two species of large Mexican grasses, Euchlaena 
mexicana and Euchlaena perennis, commonly known as teosinte. As a 
first step in ascertaining the possibilities of combining the desirable 
characters of maize and teosinte it is essential to determine the hered- 
itary behavior of hybrids between them. Progress in this direction was 
reported by Collins and Kempton in the analysis of a hybrid between 
Tom Thumb pop com and Euchlaena mexicana (5).^ In this hybrid 
there was seemingly complete blending of maize and teosinte characters; 
it became of interest, therefore, to analyze the behavior of some of the 
more strictly Mendelian variations of maize in hybrids with teosinte. 
The present paper reports the inheritance of three striking Mendelian 
characters of maize, crinkly, ramose and brachytic, in hybrids with the 
annual Euchlaena mexicana^ The inheritance of these three 

variations in maize hybrids is now fairly well understood, all three 
behaving as simple Mendelian characters recessive to the normal form. 

The great variability of maize has become a byword. Each year 
sees the discovery of a new series of true breeding teratological forms, 
embracing almost every part of the plant, leading to the belief that the 
jjjrfmber of different sorts is infinite. In fact, so numerous are abnormal 
^^rms that improvement in maize has become centered largely on the 
problem of eliminating deleterious mutations from existing varieties. 

In view of this abundance of variations in maize it seems rather sur- 
prising that its nearest wild relative, Euchlaena mexicana^ is unusually 
free from true-breeding abnormal variations. Although more self- 
fertilization probably occurs in Euchlaena than in maize, there is enough 
cross-fertilization to permit degenerative recessive variations to survive 
as heterozygotes, so ^at the difference in stability hardly can be ascribed 
to the relatively greater homozygosity of Euchlaena. 

Crosses between Florida teosinte, Euchlaena imxicafmc mA most of 
the well-known Mendelian variations of maize are being made as op- 
portunity offers, as well as crosses between these variations and the 
perennial species Euchlaena perennis. The two species of Euchlaena 
V. seem to react differently in hybrids..' with ' 'maize, and the first generation 


1 Received for publication Sept. 8, 1923. 

2 Reference is made by number (italic) to ** nitcaature dted," p. 596. 
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of hybrids with the perennial species shows a much higher degree of 
dominance of all the characters of teosinte than has been found in hy- 
brids with the annual species. 

At the present time, F3 populations have been raised from crosses of 
Euchlaena mexicana with golden (15), ramose (9), brachytic (10), rain- 
bow (i), and crinkly (7), while Fi progenies have been grown with 
dwarf ( 5 ), and pod (14)-^ 

In making these hybrids teosinte almost invariably is used as the fe- 
male parent, since in controlling tlie flowering stage of this species by 
shortening the length of day, the staminate flowers are suppressed* 
As teosinte has but from 7 to 10 seeds in each pistillate spike, only a 
few seeds are obtained as the result of each pollination; the first- 
generation populations therefore are small. In tlie crosses with crinkly, 
ramose, and brachytic maize, however, teosinte served as the male 
parent; with the crinkly an unusually large number of seeds were ob- 
tained, in consequence of which a large Fj population of this hybrid 
was grown.'^ The hybrids differ somewhat in general vigor and in the 
size of the plants, one of the most vigorous being the crinkly cross, which 
seems to have commercial possibilities as a forage plant. In the char- 
acter of the inflorescences, all resembled the hybrid with Tom Thumb, 
with the exception of the cross with the dominant variation pod. This, 
as was to be expected, produced long glumes on the pistillate spikes 
similar to those of a podded ear. These long glumes on the character- 
istic four-rowed ear of the F^ maize-teosinte hybrid give a rather start- 
ling resemblance to a gigantic wheat head (PI. i). 

The hybrids with golden and rainbow, of course, were normal with 
respect to these characters, and segregated in the Fg into numerous grades 
of the parental colors.*'^ In a population of 371 plants of the rainbow 
cross no plants as fully variegated as the maize parent were recovered, 
though many truly beautiful plants were produced. 

In the hybrid with golden, plants were obtained fully as yellow as 
the parent, if not more so, though there was no clear distinction between 
golden and green. The segregation in the Fg of these hybrids suggests 
that Euchlaena possesses modifying factors for both of these charaet.ers 
and, as in other hybrids, the form of inflorescence seemed to be 
ciated but loosely with the Mendelian characters under observation. 

The inheritance of the other three characters, crinkly, ramose and 
brachytic, is capable of quantitative analysis, which should offer more 
critical evidence on the existence in Euchlaena mexicana of modifying 
factors for these characters. 


2 Seed stocks of golden and crinkly were received from R. A. Emerson, ramose from, W. B. Gernert, 
pod from H, S. Sconce, while rainbow was purchased from Luther Burbank and brachytic and dwarf 
arose in our own pedigreed stock. The degree of yellow in the original golden strain was somewhat vari- 
able, but the strain finally used in the cross with Euchlaena was dex^eloped from the original stock with 
rather an extreme expression of the yellow pigment. The stock of rainbow purchased from Burbank has 
w’eU-developed white and yellow stripes, together with the red plant color. The inheritance of the 
iaponita striping has been reported by Lindstrom { 13 ), while that of red plant color has been reported by 
Emerson {8). The stock as originally received was heterozygous for red plant color and for yellow as 
opposed to white striping. The de^ee of expression of all of these characters was variable, though no 
self-colored plants have been found in the original stock. Through selection and inbreeding it has been 
possible to isolate lines having almost chlorophyll-free upper blades, and others practically self -green. The 
seedling leaves of these divergent strains are very similar, perhaps the only difference being the rather 
earlier appearance of variegation in the extreme white strains. 

In the cross with Euchlaena a medium-variegated plant was used, being homozygous for red plant 
color and heterozygous for white and yellow stripes. 

^ These crosses were made by C. Marshall at Chula Vista, C^Iif., and the Fi and E2 populations were 
grown', under his direction, at the same place. , 

® The El plants of the hybrid with rainbow were red, as was to be expected, but were normal in that the 
* striped: Condition of rainbow was completely recessive. 
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The fact that these teratological characters can be recognized in a 
homozygous condition permits measuring their correlations with other 
more ^complex multiple factor characters, and thus furnishes an oppor-' 
tunity ;to determine to what extent, they are correlated with the char- 
acters that differentiate maize from teosinte. 

The hybrid between Tom Thumb pop com and teosinte showed that 
the characters of maize were correlated only to a very slight degree and 
that in many cases there were definite disherences where characters 
derived, one from the maize and the other from the teosinte parent, 
tended to reappear together. With the numerous factors involved, 
largely in a heterozygous condition, only low correlations could be ex- 
pected; but with simple or comparatively simple characters which can 
be recognized in the homozygous-recessive condition one vrould expect 
relatively higher, though fe'wer, correlations with the characters which 
differentiate maize from teosinte than were found in the Tom Thumb- 
teosinte hybrid. 

CRINKLY X TEOSINTE 

Crinkly is a variation of complex constitution affecting the form of leaf, 
the length of the leaf sheath, the stature of the plant, and the form of the 
terminal inflorescence. In hybrids with maize it has been found possible 
to separate this complex of characters into its several component parts. 
As stated by Emerson (6), ‘'All of these characters are so variable, how- 
ever, that some plants classed as crinkly do not show prominently one or 
other of them. Considering all leaf characters together with stature and 
form of tassel, it is usually easily possible to separate crinkly from normal 
plants, but occasionally the separation is somewhat difficult.” 

Typical plants of crinkly are of short stature and have compact tassels 
with relatively short branches a-nd central spikes ; the leaves are short and 
broad, usually folded and crinkled, and often with pronounced lobes at 
the base, while the sheaths are short and often fail to cover the nodes. 
In the hybrids with teosinte there also was a difference in color, the 
crinkly plants seemingly being of a much darker green than plants of 
normal teosinte. In extreme cases the upper leaves of crinkly plants fail 
to unroll ; not unfrequently in these cases pistillate flowers develop in the 
tassel or, more rarely, an immature ear is produced in the place of the 
lowest tassel branch or in the axil of the uppermost leaf. The crinkly 
plant used as the female parent of the hybrid with teosinte represented 
an average expression of these characters and possessed none of the char- 
acteristics of extreme plants. 

Two first-generation plants were grown in the greenhouse at Chula 
Vista, Calif., each producing several hundred seeds. Progenies from 
both of these plants were grown separately in the field, as well as a 
population of the first generation. The Fg populations differed somewhat 
with respect to certain characters, thus precluding their combination in 
a statistical analysis without recourse to weighting factors; they there- 
fore were analyzed separately. 

With respect to the behavior of the crinkly character, the plants proved 
to be very much alike. The analysis of only one, therefore, is presented 
in detail. 

An effort was made to get measurements of the various crinkly char- 
acters, such as length and width of leaf, stature, and dimensions of the 
various parts of the tassel, and, in addition, the plants were graded as to 
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the degree of crinkly leaves, degree of lobing, and degree of color, each 
on a scale of from o to 9. Aside from these grades, the plants were classi- 
fied into normal and crinkly classes, with the result that 28.1 ± 2,1 
per cent were adjudged to be crinklies. The fact that the second gener- 
ation plants fell naturally into two groups representing 25 and 75 per 
cent of the individuals seems conclusive proof that a single gene is largely 
responsible for the differentiation. Unlike most monohybrid characters, 
however, there is no single morphological characteristic that is predomi- 
nantly affected by this gene. At maturity the best pistillate inflorescence 
was harvested, and the various notes designed to measure the maize 
and teosinte characters were recorded . 

CHARACTERS MEASURED 

111 the analysis of this hybrid 39 characters were studied, of which die 
means, standard deviations and probable errors are given in Table I for 
both the Fj and F2 populations, and the frequency distributions for the 
F^ population are shown in figures i to 39. 

description of CHARACTERS 

1. Height, — The height of the main culm is measured from the sur- 
face of the ground to the tip of the central spike of the tassel, and the 
measurements are recorded in decimeters. The average height of 
teosinte is 23 decimeters, of crinkly maize, 12 decimeters, of ramose 
maize, 1 8 decimeters, of brachytic maize, 9 decimeters. 

2. Height of tallest sucker. — The height of the tallest sucker is 
obtained and recorded in the same manner as that of the main culm. 
In teosinte the tallest sucker is as high or higher than the central culm, 
while in the strains of maize used in these hybrids, suckers are produced 
but rarely, and they seldom are as tall as the main culm* 

3. Total SUCKER height.— The total sucker height is the summation 
of the heights of all the branches arising at or below the surface of the 
ground, and is recorded in meters. The total sucker height in teosinte 
usually is 20, while in the strains of maize used in these hybrids the total 
sucker height seldom exceeds one meter. 

4. Number of suckers. — -The nuntber of suckers is the total number 
of branches arising at or below the surface of the ground. The number 
of suckers in teosinte is about 14, and in the strains of maize used in these 
hybrids the average number of suckers is less than 0.5. 

5. XeaveS" ABOVE.— Leaves . above the uppermost branch of the main 
culm. This character corresponds to the number of nodes above the 
ear in maize. / It': is the, number of. leaves between the terminal inflores- 
cence.,, ,and tlie uppermost lateral ■ branch. In teosinte this is i ; in 
crinkly, ramose, and brachytic maize 5 or 6. 

■ 6 . Total NUMBER of leaves.^ — This character is the total number of 
leaves produced on the main culm from germination to maturity. About 
every fifth leaf is .marked 'with small tags until the fifteenth, which is 
nsualiy in good condition at maturity. Teosinte produces about 37 
leaves, and the maize parents about 20. 

■ 7, Length OF, BRANCHING SPACE.— This is the length, Jn cm. of the 
branched .portion 'of,,, the terminal inflorescence of the main culm. In' 
teosinte th„is' measurement ' is .about. 7 cm..., in crinkly maize ,15 cm., in 
ramose maize 28 cm., and in brachytic maize 12 cm. 
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8. Li^ngth of cj^NTRAiy SPIKE. — The length in centimeters of the termi- 
nal spike of the staminate inflorescence of the main culm. In teosinte 
this measurement is about 8 cm.,' in crinkly maize 12 cm., in ramose maize 
'5 cm., and in bracliytic maize 30 cm. 

9- Length of eongest tassel branch. — The length in centimeters of 
the longest branch of the terminal inflorescence of the main culm. In 
teosinte this measurement is about 10 cm., in - crinkly maize 9 cm., in 
ramose maize 20 cm., and in brachytic maize 25 cm. 

10. Length of glume. — Length of the outer glume in millimeters. 
The spikelet for this measurement was chosen from about the middle of 
the central spike. The glumes of teosinte are from 10 to 1 1 inm. in 
length ; of crinkly maize 7 to 8 mm. 

1 1 . Number of tassel branches,— The number of branches, primary, 
secondary, tertiary, and upward, of the terminal staminate inflorescence 
of the main culm. In teosinte this is usually 23, in crinkly maize 17, in 
ramose maize 133, and in brachytic maize 36. 

12. Rows IN central spike. — The number of rows of alicoles on the 
central spike of the terminal inflorescence of the main culm. In teosinte 
there are invariably two rows of alicoles, while in maize the number is 
four or more. 

13. Length of leaf. — Length in decimeters of the longest leaf pro- 
duced on the main culm. In teosinte this is about 12, in crinkly maize 
5, in ramose and brachytic maize about 9. 

14. Width of leaf. — ^Width in centimeters of the longest leaf. The 
leaves of teosinte are between 6 and 7 cm. wide, of crinkly about 13 cm., 
of ramose and brachytic about 10 cm. 

15. Width index.— The width of the longest leaf in centimeters 
divided by the lengtli in decimeters and multiplied by 10. The leaves 
of teosinte are more than 10 times as long as broad, of crinkly about 3 
times, and of ramose "and brachytic 9 or 10 times. 

16. Length of sheath. — Length in centimeters of the sheath of the 
longest leaf. The sheaths of teosinte are about three times as long as 
those of crinkly maize. 

17. Position of longest leaf.— The number of leaves above the 
longest leaf of the main culm. In teosinte there are about 15 leaves above 
the longest, in maize 8 or 9. 

18. Leaves above best inflorescence. — The number of leaves above 
the best inflorescence of the main culm. In these hybrids the entire 
branch is considered as the inflorescence. In maize this number would 
be the same as the ‘'Leaves above/' but in the second generation plants 
the uppermost inflorescence often is not the best, and in teosinte there 
usually are three leaves above the best branch, 

■ 19. Leaves on best inflorescence. — ^The number of leaves borne on 
thC' best inflorescence. The number' of leaves forms a convenient ' way 
to count the number of nodes. The best branch of teosinte usually has 
3 nodes, while the ear of maize is borne on a branch with 10 or more nodes. 

20. Length of . best inflorescence. — Length, in centimeters' , of the 
best inflorescence produced on the main culm. The ear and ear stalk 
of maize are about one-fourth thelength of the best branch of teosinte. 

'- -.21. Length of ear stalk of . best inflorescence.'— The length in 
centimeters of the stalk of the best inflorescence. ■ The length of ' the ear 
stalk of maize is about one- tenth that of the stalk of the best branch of 
teosinte..'. 
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22. Length of $ portion of bfst infIvORBscfncf.— The length, in 
centimeters of the pistillate portion of the terminal panicle of the best 
inflorescence. In teosinte this character would rarely exceed 5, while in 
the strain of maize used in these hybrids it would be abotit 20. 

23. Number of branches on best iNFnoREscBNCE.—Tlie number of 
branches in the terminal panicle of the best lateral inflorescence of the 
main culm. In teosinte there would be from 3 to 10 such branches, in 
maize none. 

24. Rows IN TERMINAL SPIKE OF BEST INFLORESCENCE. — The number 
of rows of alicoles in the terminal spike of the best inflorescence. In 
teosinte there are 2, in the strains of maize used, 6 to 10. 

25. Position of best spike. — The position of the best spike of the 
lateral inflorescence. If borne in the axil of the prophyllum of a lateral 
branch, the spike was recorded as i, if borne as the terminal spike, as 2, 
if at some intermediate node as 3. In teosinte this would be 3, in maize 
I. In the ramose hybrid these positions were recorded as o, i, and 2. 

26. Length OF best spike. — Length in centimeters of the best single 
spike produced on the best lateral mflorescence of the main culm. In 
teosinte this length would be about 5 cm., in maize about 20. 

27. Number rows of alicoles on best spike. — The number of rows 
of alicoles on the best spike. In teosinte the number of rows always 
would be 2, in maize 6 to 10. 

28. Number double 9 alicoles. — The number of double female 
alicoles on the best spike. In teosinte there would be no double female 
alicoles ; in maize all would be of this type. 

29. Number single 9 alicoles. — The number of single female 
alicoles on the above spike. In teosinte there would be from 5 to 10 
such alicoles, in maize none. 

30. Number of spikes in prophyllary. — The number of spikes 
borne on the branch in the axil of the prophyllum of the best lateral 
branch of the main culm. In teosinte iiie number of spikes would be 
from 3 to 8; in tlie strains of maize used in these hybrids there would be 
no such branches. 

31. Days To POLLEN.— The number of days from planting until the 
first pollen was shed. The number of days would vary with the time of 
planting, late planting resulting in a shortened period. At the time 
these plantings were made teosinte required 184 days to anthesis, while 
the strains of maize used in these hybrids required 75 to 85 days. 

32. Days to siLK.—The number of days from planting until the first 
silks appeared. As with days to pollen, this period is influenced by the 
time of planting. In teosinte 178 days were required ; in maize 80 to 90 
days. 

; 33. Days pollen to silk. — The number of days elapsing after the 
first pollen was shed until the first silks appeared. Teosinte is pro- 
terogynous (the silks appearing before the pollen is shed) while the 
crinkly form of maize is proterandrous (silks appearing after the anthesis) . 
In the first generation of the crinkly hybrid the plants were proterandrous 
by a' mean number of days of 2.08, while the second' generation plants were 
proterogynous by a mean of 2.04 days; this is expressed in Table I as 
— 2.04, Teosinte is proterogynous by an average of 6 days, while maize 
is proterandrous by from 2 to 6 days. 

^ OF CRINKLY. — ^An estimate of the degree of wrinkling of 

tlie leaf blades. The estimate was made on a scale of o to 9, smooth 
leaves being recorded as zero. ■ 
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35. DejgreB or IvOBING. — ^A n estimate of the degree of lobing of the 
leaves; no lobes being recorded as o, and the highest degree of lobing as 9. 

36. Degree or color. — ^An effort to grade the plants as to the color 
of the foliage, light green or teosinte color being recorded as o, and 
extremely dark green as 9. 

37. AucolE index. — The number of single female alicoles divided by 
the sum of the single and double female alicoles and multiplied by 100. 
In teosinte this index would be 100, in maize o. , 

38. Central spike index. — The length of the central spike of the 
tassel divided by the total tassel length and multiplied by 100. This 
measurement' is designed to show the relative length of the central 
spike. In maize it would be high, in teosinte low. 

39. Tassel branch index. — The length of the branching space of 
the tassel plus 10 minus the length of the longest tassel branch. This 
measurement is designed to show the relative length of the tassel branch. 
In maize this index would be high, in teosinte low. 



Tabi^® 1, -^Biometrical constants for the first and second generations of the crinkly X ieosinte hybrid 
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FIGURES I TO II 

■Height; frequency distribution of plants in F3. Class value, i decimeter. 
Shaded portion represents plants classed as crinkly. 

•Height of tallest sucker; frequency distribution of plant in Fo. Class value, 
I decimeter. Shaded portion represents plants classed as crinkly. 

■Total sucker height; frequency distribution of plants in F2. Class value, 
I meter. Shaded portion represents plants classed as crinkly. 

■Number of suckers; frequency distribution of plants in F2. Class value, 
I sucker. Shaded portion represents plants classed as crinkly. 

■Eeaves above ; frequency distribution of plants in F2. Class value, one leaf. 
Shaded portion represents plants classed as crinkly. 

•Total number of leaves; frequency distribution of plants in F2. Class value 
one leaf. Shaded portion represents plants classed as crinkly. 

-Length of branching space; frequency distribution of plants in F2. Class 
value, I cm. Shaded portion represents plants classed as crinkly. 

•Length of central spike; frequency distribution of plants in Fg. Class 
value, I cm. Shaded portion represents plants classed as crinkly. 

•Length of longest tassel branch; frequency distribution of plants in F2. 
Class value, 2 cm. Shaded portion represents plants classed as crinkly. 

-Length glume; frequency distribution of plants in Fo. Class value, i mm. 
Shaded portion represents plants classed as crinkly. 

■Number of tassel branches; frequency distribution of plants in Fg. Class 
value, IO branches. Shaded portion represents plants classed as crinkly 
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FIGURES 12 TO 22 

Feg. 12. — Rows in central spike; frequency distribution of plants in Fa- Class value 
one row. Shaded pordon represents plants classed as crinkly. 

F£C. 13. — Uength of leaf; frequency distribution of plants in F2. Class value, i deci- 
meter. Shaded portion represents plants classed as crinkly. 

Fig. 14. — ^Width of leaf; frequency distribution of plants in F2. Class value, i cm. 
Shaded portion represents plants classed as crinkly. 

Fig. 15. — ^Width index; frequency distribution of plants in Fg. Class value, i per 
cent. Shaded portion represents plants classed as crinkly. 

Fig, 16. — Length of sheath; frequency distribution of plants in Fg. Class value, x 
centimeter. Shaded portion represents plants classed as crinkly. 

Fig, 1 7.— Position of longest leaf ; frequency distribution of plants in F2. Class value# 
one leaf. Shaded portion represents plants classed as crinkly. 

Fig. 18. — ^Leaves above best inflorescence; frequency distribution of plants in Fg. 

Class value, one leaf. Shaded portion represents plants classed as crinkly. 

Fig. 19. — ^Leaves on best inflorescence; frequency distribution of plants in F^. Class 
value, one leaf. Shaded portion represents plants classed as crinkly. 

Fig. 20. — ^Length of best inflorescence; frequency distribution of plants in Fg. Class 
value, 2 cm. Shaded portion represents plants classed as crinkly. 

Fig. 21. — Length of ear stalk of best inflorescence; fre<^uency distribution of plants 
in Fg. Class value, 5 cm. Shaded portion represents plants classed 
as crinkly. 

Fig. 22. — Length of female portion of best inflorescence; frequency distribution of 
plants in F2. Class value, i cm. Shaded portion represents plants 
classed as crinkly. 
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FIGURES 23 TO 33 

Fig. 23. — Number of branches on best inflorescence; frequency distribution of plants 
in F2. Class value, one branch. Shaded portion represents plants 
classed as crinkly. 

Fig. 24. — Number of rows in terminal spike of best inflorescence; frequency dis- 
tribution of plants in Fg. Class value, one row. Shaded portion repre- 
sents plants classed as crinkly. 

Fig. 25. — Position of best spike; frequency distribution of plants in F2. Class value, 
one terminal, two lateral, three prophyllary. Shaded portion represents 
plants classed as crinkly. 

Fig. 26. — Length of best spike; frequency distribution of plants in Fo. Class value, 
1 cm. Shaded portion represents plants classed as crinkly. 

Fig. 27. — Number of double female alicoles on best spike; frequency distribution of 
plants of F2. Class value, five alicoles. Shaded portion represents 
plants classed as crinkly. 

Fig. 28. — Number of single female alicoles on best spike; frequency distribution 
of plants of Fg. Class value, five alicoles. Shaded portion represents 
plants classed as crinkly. 

‘Fig. 29. — Number rows of alicoles on best' spike; frequency distribution of plants 
of F2. Class value, one row. Shaded portion represents plants classed 
as crinkly. 

Fig. 30. — Number of spikes in prophyllary branch; frequency distribution of plants 
of F2. Class value, one spike. Shaded portion represents plants classed 
as crinkly. 

Fig. 31. — Number of days to pollen; frequency distribution of plants of F2. ^ Class 
value, five days. Shaded portion represents plants classed as crinkly. 

Fig. 32. — Number of days to silk: frequency distribution of plants of Fg. Class 
value, five days. Shaded portion represents plants classed as crinkly. 

Fig. 33. — Number of days from pollen to silk; frequency distribution of plants of 
Fa- Class value, one day. Shaded portion represents plants classed 
as crinkly. 
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FIGURES 34 TO 43 

Fig. 34. — Degree of crinkly leaves; frequency distribution of plants of Fg. Class 
value, one grade. Shaded portion represents plants classed as crinkly. 

Fig. 35. — Degree of lobed leaves; frequency distribution of plants of F.^. Class value, 
one grade. Shaded portion represents plants classed as crinkly. 

Fig. 36. — Degree of color of leaves; frequency distribution of plants of F2. Class 
value, one grade. Shaded portion represents plants classed as crinkly. 

Fig. 37. — ^Alicole index; frequency distribution of plants of F2. Class value, 10 
per cent. Shaded portion represents plants classed as crinkly. 

Fig. 38. — Central spike index; frequency distribution of plants of F2. Class value, 
5 per cent. Shaded portion represents plants classed as crinkly. 

Fig. 39. — ^Tassel branch index; frequency distribution of plants of Fg. Class value, 
one grade. Shaded portion represents plants classed as crinkly. 

Fig. 40. — Degree of crinkly plus degree of lobing; frequency distribution of plants 
in F2. Class value, one grade. Biseriai correlation with type of plant 
is 0.990 ± 0.018, Shaded portion represents plants classed as crinkly. 

Fig. 41. — D<^ree of crinkly plus degree of color; frequency distribution of plants in 
F2. Class value, one grade. Biserial correlation with type of plant is 
0.834 ± 0.032. Shaded portion represents plants classed as crinkly. 

Fig. 42.-— Degree of lobing plus degree of color; frequency distribution of plants in 
K). Class value, one grade. Biserial correlation witli type of plant is 
0.918 ± 0.030. Shaded portion represents plants classed as crinkly. 

Fig. 43. — Degree of crinkly plus degree of color plus degree of lobing; distribution 
of plants in F^. Class value, one grade. Biserial correlation with type 
of plant is o.%4 db 0.032. Shaded portion represents plants classed as 
crinkly. 
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inheritance, of measured characters 

Altlioligh plant height is one of the distinguishing characteristics of 
crinkly, none of the measurements of height in the second generation 
showed indications of Mendelian segregation, • the distributions being 
similar to those of tlie same character in the Tom Thttmb-Florida 
cross (5). The same is true also of the number of suckers, of which 
Euchlaena has a great many and crinkly none. It is of interest to note 
that the mean number of suckers in the crinkly hybrid was only about 
one-fourth the mean number produced in the Tom Thumb hybrid. 

In the number of leaves above the uppermost lateral inflorescence 
both Fj and F2 differed from previous hybrids of maize and teosinte. 
The mean of 3.22 ±0.06 nodes above the uppermost lateral inflorescence 
on the plants is much .greater than is usually tlie case, and is of par- 
ticular interest, in view of the rather definite tendency of tlie crinkly 
variation to produce an ear in the axil of the uppermost leaf. 

In the second generation the mean number was only slightly increased, 
resembling other hybrids in that the mean of the second-generation 
plants with respect to this character closely approximates that of the Fj. 
In range some plants were produced with more nodes above the upper- 
most lateral inflorescence than v/ould be found in the maize parent, while 
none returned completely to the teosinte parent in this character. 

In the total number of leaves produced on the main stalk, the inlier- 
itance was as expected and the distribution is regular. This applies also 
to the characters of the staminate inflorescence, though it is worthy of 
note that the number of tassel branches is very large, botli in the first 
and second generation. In fact, the number of tassel branches in the 
first generation of the crinkly hybrid was greatly in excess of tlie number 
found in the Fj of the ramose hybrid, to be discussed, the positions being 
reversed in the second generations of these hybrids. 

The number of days from germination to flowering and the alicole 
index are the only characters of the 38 which show indication of Mendelian 
or discontinuous inheritance, the distribution of the plants for these 
character (fig. 31, 32, and 37) being bimodal. The bimodality of the 
distributions for the number of days to flowering are of particular interest, 
since crosses between early and late varieties of maize have never shown 
any indication of bimodality in the F3. The alicole index showed a 
bimodal distribution in the second generation of the Tom Thumb-teosinte 
hybrid also, but while tlie greatest number of plants are found with a high 
indpc in the crinkly hybrid, the reverse is true for the Tom Thumb hybrid. 
This bdiavior follows from that of the Fj, where it was found that in tlie 
crinkly hybrid the single female alicole form of teosinte was partially 
dominant to the double female alicole of maize. The general character 
of the spikes, however, resembled the F^ of teosinte X Tom Thumb in 
that they were flat and broad, suggesting a secondary eat of maize much 
more, nearly than a spike of teosinte. 

The inheritance of the proterogynous habit of teosinte, as expressed 
by the number of days from pollen to silk,' was very different in the 
crinkly hybrid from previous maize teosinte hybrids, in that though the 
Fj was proterandrous by a mean of 2.08 days the was proterogynous 
by: an almost equal^time, i. e,, 2.04 days. In other hybrids the decidedly 
proterogynous habit of teosinte has failed to reappear in the F^, while 
the Fj_ usually is even more proterandrous than the maize parent. 
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ilie proterogynous habit is one- which be iiifluenced greatly by 
pliotoperiodism or other environmental factors. Many varieties of 
maise from South America, indigenous near the equator, are so decidedly 
proteraiidroiis when grown in tlie United States as to interfere seriously 
with the production of seed. 

Ivuchlaena seems to be proterogynous, regardless of tlie flowering 
date, and even when hastened into flo%ver by artificially shortening the 
day. 

Even in maize, though the plant as a whole usually is proterandrous, the 
individual iiiliorescences seem to be inherently proterogynous. If con- 
ditions force pistillate flowers to develop in an inflorescence normally 
staminate, the resulting flowers always are proterogynous. When gyan- 
drous inflorescences are normal to the strain, as in tassel seed, they also 
are always proterogynous, while in the andromonoecious dwarf variation 
the full clevelopmeiit of the anthers occurs after the silks have appeared. 

None of the characters of the crinkly variations show^ed discontinuous 
inheritance, though most of the crinkly characteristics were recovered 
in the F3 in an even more extreme form than was found in tiie parental 
progeny. Crinkly and teosintelike plants from the P3, together with 
their inflorescences, are shown in Plates 2, 3, 4, and 5. 

Notwithstanding the failure to obtain bimodal distributions of these 
characters, the frequency polygons in figures i, 7, 8, 9, ii, 13, 14, 15, 16, 
34) 35) 3^> 37) and 39, all clearly show the high degree of development, 
in tlie plants empirically classed as crinkly, of the diaracters commonly 
associated in this variation. 

These relationships are measured by the coefficients of biserial corre^- 
lations presented in Tables IV and V. 

CORREJUATIONS BnXWBBJN CHARACTERS 

This brings us to the consideration of the whole problem of character 
relationships. Two questions may be answered by the data at hand: 
First, to what extent the character complex comprising the crinkly 
variation tends to remain associated; second, to wffiat extent all or any 
of these characters are associated with other maize characters not involved 
in the crinkly variation. 

Difficulties are encountered at the start in the proper interpretation of 
the correlation coefficients, since by direct means it is not possible to 
distinguish purely physiological relationships from those which are 
genetic. 

Recourse may be had to the method suggested by Collins of comparing 
the degree of correlation in the with that found in the F^ (a). Cor- 
relations in the F^ are held to be due to physiological relationships, 
while any differences between F^ and Fj correlations may be ascribed to 
genetic causes. The coefficients of correlation between all the characters 
studied in this hybrid are given in Table II. 



"iABm lt.-^oefficie7tts of correlation among the characters of the plants of the first and second generations of the hybrid between crinkly maize and Florida 

teosinte a ■ 


Journal of Agriciilmral Research voi. xxvii,: 


55 


6 




Feb. 23, 1924 


Teosinte Maize Hvbr ids 


557 




TabItS 11,—Coefficunts of correlation among the characters of the plants of the first and second generations of the hybrid between crinkly maize and Florida 

teosinie — ^Contintied. 
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Since the correlations are given for both the and the F2 populations, 
it seems tiimecessaty to discuss them in detail. An examination of the 
coefficients in Table II will show that many of the characters of maize 
tend to remain associated in inheritance, and a comparison of the co- 
efficients in tliis table with those given in Table X for the brachytic hybrid 
and with those given in Table III of the Tom Thtimb hybrid show also 
that the associated complex of characters is not the same for these three 
hybrids. Thus, it is apparent that the combination of the large number 
of suckers of teosinte with the multiple-rowed condition of the pistillate 
inflorescence of maize can be obtained more readily in the hybrid with 
crinkly {r = —0.000) than in that with brachytic, (r = —0.202) , though this 
condition could not have been anticipated from the characteristics of the 
maize parents. From the practical standpoint of establishing combina- 
tions of tiie desirable characters of both species, this ditlereiice in the 
degree of relationship among the various characters in the several hybrids 
is encouraging in that it affords a basis for predicting that even where 
pronounced correlations are encountered between characters which it 
is desirable to separate, further hybrids with other varieties of maize 
probably will reveal weaker associations between these characters. In 
addition to the man_y instances of coherence, a study of Table II will vShow 
many inconsistencies between the F^ and the F2, as well as several dis- 
hereiices which can not be explained satisfactorily in the light of our 
present knowledge. These must await further investigations for proper 
interpretation. , 

Table III . — Coefficients of correlation behveen ike characters coinmonly affected in the 
niodiffcation of normal 7naize planls to those of Ike crinkly lype '^ 
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pa 


- 14s 

— . 032 











F® 

Number of 

. 464 

. 126 

0. 542 











branches. , 

— . oSq 

—-323 

— .055 










pi 

Length of longest I 

. 61S 

. 622 

. f.49 

0. 361 









ps 

branch. 

• 

- 063 

. 114 

. 247 









m 

Length of blade. . .i 

■ 694 

- 205 

.4Hc 

.43^ 

0. 53c 








Fs 


. 441 

• 1.14 

.237 

■ 073 

105 






1 


Fi 

Whdtli of blade., .j 

— . 041 

.ot 4 

—.040 

D. 130 

— . X.10 

— 0. 25 T 







F* 


— . 123 

-.440 

— . 030 

• 245 

. 171 

— • 235 







pi 

Width index ! 

— . 434 

— . 1-27 

— . 320 

172 

-. 417 

— . 746 

0. 78S 








327 

-. 373 

— . 149 

. 138 

• rrr 

— . 691 

. S60 






.Fi 

Length of sheatlx . '! 

• 59S 

• 373 

• 391 

■ 330 

. 53 ^ 

. 671 

--3SS 

—0. 646 





pa 


.228 

. 187 

■ 171^ 

. 164 

. 119 

• 330 

.3421 

“"•S'Vj 






Degree of crinkly 

-. r 77 

133 

07S 

D. 068 

2671 

— ■ 290 

. 445 i 

. 502! 

— 0. 36S 




F* 

Degree of IobingI>. ' 


157 

— . 1S6 

-.039 

—• 447 

—■ 454 

-S 34 i 

. 674 t 

—.430 

0. 348 



pa 

Degree of color ; 

— . 249; 

. OODj 

— . 137 

! — . 123 ' 

-. 238 

— . 394 

. 5I2j 

. cSoj 

419 

.480 

0. 495 


pa 

Tj.pe of plant c . : 

! 

3 i6i 

452 

~* 33 t 


-.883 

- 619; 

.928| 

~. 899 

.722 

. 872 

0. 756 

Fa 


« The coefficients are shown for both Fi and F^. Negative coefficients (indicated by a minns sign) apply to 
those cases in whicli a high, value 'for one character is correlated with a low vahxe for the other. Fi coefficjeiits 
greater than 0,257 are in, excess of three.; times the error. Fc coefficients greater than .150 are significant. 
Coefficients indicated by D represent disherenccs. ' 

& These characters are not found in the Fi. 

■c The coefficients with tirpe of plant are. calculated, by the formula for biserial correlation. Biserial 
coefficients greater than 0.1S6 a,re in excess of three times the error. 

CORRELATIONS BETWEEN CRINKLY CHARACTERS 

' 'The . .'characters which are involved primarily in tlie modification of 
normal plants to those of the crinkly type have been assembled in Table 
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III. In attempting to determine to what extent the crinkly complex of 
characters tends to remain in combination it is desirable to eliminate as 
far as possible the correlations expected on ph3rsiological grounds. Thus 
there are logical and experimental reasons for expecting physiological 
correlations of height with the five following characters given in Table 
III: Central spike, branching space, number of branches, length of 
longest branch, and length of blade. The nature of the crinkly teosiiite 
cross is such as also to provide genetic causes of comelations of height 
with these characters, but with width of leaf genetic factors presumably 
operate in one direction w^hile physiological factors operate in the other. 

Thus, the crinkly variation has short stalks and wide leaves as. com- 
pared wdth teosinte, and if there is a genetic correlation between these 
characters a negative correlation between height and width of leaves 
would be expected in the Further, since physiological factors nor- 
mally tend to produce a positive correlation between height and width 
of leaves, the net effect of genetic and physiological factors operating in 
opposite directions would be to reduce the correlation essentially to 
zero. This is the observed result, though the coefficient is negative 
(f = — 0.041), indicating possibly that the genetic factors w^'ere somewhat 
more effective tliaii the physiological factors in bringing about the ob- 
served relationship. 

When the correlation between these two characters of tlie F^ plants 
is examined it also is found to be negative. While the coiTelation is 
not significant, its departure from the 0.2 or 0.3 usually obtained with 
these characters and the fact that the correlation with leaf index also is 
negative seem to require some explanation. It can be assumed that some 
peculiar environmental condition caused an increase in height and an 
actual and relative decrease in width of leaf such as obtain under extreme 
conditions where the plants become spindling; but such an hypothesis 
can not be accepted with favor when the exceptionally sturdy nature of 
the plants is taken into account. 

The alternative is to attribute the results to genetic causes. Thus, if 
either the crinkly or the teosinte parent were heterozygous for a dominant 
factor which controlled a character complex of height, length, and width 
of blade, and the corollary height factors, length of central spike and 
branching space, then the F^ in effect w'ould be a back cross of this nature 
and the observed F^ correlations would be obtained. WTiile such a' con- 
dition is not beyond the realm of possibility, it certainly seems singular 
that the complex of characters involved is so essentially that b}^ which 
the recessive variation crinkly differs from tlie normal form. 

It may be less unreasonable to assume that in hybrids such as ' this, 
where a general blending of the characters takes place, occasionally in 
certain plants one parental type or the other becomes partially, dominant. 
There then would be F^ , individuals in which all the maize characters 
would be raised somewhat above the mean, and others in which they 
would be. below the mean. Such behavior would . result in a population 
consisting largely of plants intermediate between the, parents, hut with 
the tails of the distribution made' up of the. parental character ' 'combi- 
nations, being , those cases where the threshold of dominance had been 
crossed,' The second generation of th'ese several Fj plants, need not 
necessarily behave" very differently, and the F^ correlations ' would . "be 
provided for. , ^ 

It is well known that the degree of dominance is extremely variable,', 
but this variability formerly .has been thought of in connection with 'ihdh ; 
vsdual characters. Th^ere is evidence from other sources' that'.variatidiis' 
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in dominance are constitutional, affecting many or all of the characters. 
A striking instance is afforded by hybrids between maize and Euchlaena 
perennis. In these hybrids there is a much higher degree of dominance 
of all the teosinte characters than has been found in hybrids with E, 
mexicana. 

Regarding the three characters graded for the degree of resemblance to 
the crinkly parent and their relations to the measured characters and to 
themselves, since in these cases there was no variation in the plants, 
all being normal, there can be no correlations. 

Taking up the degree of crinkly which represents an attempt to measure 
the wrinkling of the leaf blade, this character is found in the Fg to be sig- 
nificantly correlated with eight of the eleven characters and with the type 
of plant as arbitrarily classed. These correlations, some of them large, 
are all in the direction of coherences. 

The degree of lobing which evaluates the amount of lobing at the base 
of the leaf is found to be associated with ten other characters and with 
the type of plant, while the degree of color is correlated with eight 
characters and with plant type. 

Although only a few of these correlations are large, they indicate that 
the crinkly complex of characters forms a correlated group suggesting 
loose linkage. . 

Since the plants were classed into crinkly and noncrinkly from their 
general appearance, it becomes of interest to discover to what extent the 
three characters, leaf lobing, crinkling, and color, determined the class 
in which the plants were placed. From an examination of Table III 
it is found that the degree of lobing, the least conspicuous of the three 
characters, has the closest correlation with the type of plant, but that 
this correlation is not as close as that of width index with type of plant, 
this index being a measured character. It would appear, therefore, 
that the relative width of the leaves was an important factor in the 
classification of the plants. 

Since general characteristics were considered in classifying the plants 
into tw^o groups, it may be urged with reason that it was a combination 
of the degree of crinkly, lobing and color that influenced judgment in 
classifying the plants. To test this, the grades of the three characters 
were combined in several ways and the correlations of these various 
combinations with plant class calculated. The coefficients are given 
with the frequency polygons in -figures 40 to 43. It is found that the 
combination of degree of crinkly with degree of lobing is very closely 
correlated with plant class, the coefficient being r = 0.99 ±0.03, the high- 
est-obtained with type of plant. While it is apparent that any plant 
having -a high degree of crinkly and lobing would almost certainly be 
classed as crinkly, it is clear also that these two characters are not closely 
correlated; 7 = 0.348. The regressions are o.iSi ±0.029 and 0.669 
±0.109 grades. Thus, for each change of one degree in the -amount of 
crinkly there is a change of 0.18 degree in the amount of lobing, while 
for each change of degree of lobing there is a corresponding change of 
0.67 degree in the amount of crinkly. 

COItRELATlON or THB CRINKLY VARIATION WITH CHARACTERS OR MAIZE 

' ' Since all of , the -characters which are thought to be involved in -the 
crinkly variations show significant correlations with type of plant, it 
seems' reasonable to consider ' this arbitrary grouping as representing -a 
definite segregation. The, very high degree of correlation with leaf 
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index, however, is a cause for some misgiving, since it indicates a ten- 
■deucy on the part of the observer to class short, wide-leafed plants as 
crinkly. With this reservation in mind, the biserial correlations of 
the various characters with plant type may be examined. Arranging, the 
characters in tlie order of their degree of correlation with type of plant, 
the ranking shown in Table IV is obtained. 


Table IV . — Biserial correlations of crinkly type of plant with the characters named a 


,K.ank. 

Character. 

Correlation. 

I 

Width index. 

0.928 

-2 

Length of sheath 

-.899 

■3 

Length of leaf 

-.883 

4 

Degree of iobing 

.872 

5 

Degree of color 

.756 

6 

Degree of crinkly 

. 722 

7 

Length of longest tassel branch 

-.71X 

8 

Height 

-,628 

9 

Width of leaf 

.619 

10 

Length of best inflorescence 

-^497 

II 

Days to silk 

-■ 49 S 

12 

Days to pollen 

-■473 

13 

Height of tallest sucker 

-•458 

14 

Length of branching space 

-.452 


Allcole index i 

-.4^ 


Total number of leaves • 

-’445 

17 

Total sucker height | 

-,444 

18 

Number double 9 alicoles 

.442 

19 

20 

Tassel branch index 

Rows in the central spike ^ 

,426 

.dOd 

21 

Number of suckers 

if. Cj. 

i “-334 

22 

Number of tassel branches 

; -’ 33 ^ 

^3 

Number of spikes in prophyllar^^ 

i -.527 

24 

! Length of central spike ■ 

-.316 

25 

Length of glume 

' . -.300, 

26 

Leaves above best inflorescence. 

-.284 

27 

Number of branches on best inflorescence 

-.237 

28 

1 Length of ear stalk of best inflorescence 

-.247 

,29 

Position of longest leaf. i 

.224 

30 

Length 9 portion of best inflorescence ! 

.214 

,31 

! Number single 9 alicoles i 

— . 204 

32 

I Leaves above uppermost branch 1 

-.181 

33 

Number rows of alicoles on best spike 

.131 

34 

Rows in terminal spike of best inflorescence | 

.110 

„ 3 S 

i Length of best spike 

-.099 

36 

Position of best spike. . . . ■ i 

.097 

37 

Leaves on best inflorescence ■ i 

— . 082 

38 

!* Central spike index ' ■ 

'—.017 

39 

Days pollen to silk. .... 1 

.012 

y CoefBcietits above ,iS6 are in excess of three times the error. Correlations 26, 32, 3S» 3^ 

i, and,, 39 are. 


'disherences. 

The last 8 coefficients in this table may be disregarded, since they are 
less than three times their error. Of the others, 16, are characters vrhich 
enter either directly or clearly indirectly into the classification ,, of , type 
of plant. Thus, height of plant doubtless was a factor which influenced' 
classification, and for this reason such characters as total sucker ; height 
and number of suckers (both of which are correlated with height andm 
a sense simply are other measures of height)' alsO' are expected. to "be 'cor”" 
related with plant type. Eliminating such relationships as these, , there: 
are left 16 coefficients greater than., three times theii^ errors. ; A' further; 
reduction is possible wiffi these 16, owing to the fact that, in some instances' 
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tliere are two or more measures of tlie same character. For instance, 
da3;s to pollen and da3^s to silk both obviously measure the same thing— 
season, while alicole index, number of double female alicoles and luuiiber 
of single female alicoles form another iiitercorrelated group, iiieasr’rmg 
essentially the same thing. With all such cases considered and reduced 
to a single coefiicient, there remain 13 characters which are correlated 
directly with type of plant. These are given in italics in the last column 
of Table IV. 

Of these 13 characters 12 are coherences showing a tendency for 
maize characters to be associated with the crinkly type of plant, while 
one is a disherence. This disherence is with leaves above the best in- 
florescence. Thus the crinkly plants have fewer nodes above the best 
lateral inflorescence than do the noncrinklies ; a condition the reverse of 
that of the parental combination. In view of this fact it may be well 
to examine all the correlations with the character “leaves above the 
best inflorescence shown in Table II. 

In the second generation there are 36 possibilities for correlations with 
the character “leaves above best inflorescence/’ and 26 of these indicate 
disherences. Of the 36 coefficients, 17 are in excess of three times the 
error, but when the Fj correlations are considered and the physiological 
correlations eliminated, these 17 are reduced to 12. Of the 12 correla- 
tions the one dealing with leaves above the upper branch may be elimin- 
ated on morphological grounds, leaving ii, of which 10 are disherences. 
These dislierent correlations are concerned with the following characters : 

1. Height. 

2. Rows in central spike. 

3. Length of leaf. 

4. Width of leaf. 

5- Width index. 

6. Position of longest leaf. 

7. Leaves on best inflorescence. 

8. Rows in terminal spike of best inflorescence. 

9. Degree of crinkly, 

10. Type of plant. 

It may be of some significance that, of these 10, 6 are characters in- 
volved in the crinkly variation. It will be recalled that there is a tend- 
ency among crinkly plants to develop ears at the base of the tassel or in 
the axil of the upper leaf, and it seems not improbable that this tend- 
ency is manifested, in the present hybrid. If this be true, it follows that 
the coefficients observed are coherences rather than disherences, since 
the , character of few leaves above the upper branch becomes another 
measure of the crinkly variation. In the cross between Tom Thumb' 
maize and Florida teosinte there were no signiflcant disherences with 
the number of nodes above the uppermost inflorescence; a fact indicating' 
that this character was associated with other characterist'ics of maize. 

It may be concluded that “few leaves above the best inflorescence”" 
in this case is a characteristic of .the crinkly variation ; it follows that all 
eight of the characters of maize not directly involved in the classification 
of the plants are correlated with 'the crinkly type. 

' It may' be urged that while a character such as total leaves would not 
infl'uence'' .directly the classification of plants into two types, it miglit 
become correlated with type' simply as .a secondary relationship .'through: 
its. association with , height. , Tf ffiis were true, the partial correlation of 
type 'with total leaves for constant height should be zero, when it actually 
is r ™,G.433 ±0.059, 
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It seems clear that such characters as season, total leaves and the 
several measures of the inflorescences all are correlated with the variation 
known as crinkly, though none are characters by which the crinkly 
type is differentiated from the normal, and their correlation with type is 
not due to their association with some one crinkly characteristic. 

Since the amount of leaf lobing was closely correlated with the crinkly 
type, and, furthermore, since this character would be expected to have 
little weight in the classification of plants, it may be well to examine 
the correlations of this character with all others. These correlations are 
given in Table V. With this character the usual correlation formula can 
be applied with but two exceptions — type of plant and alicole index. 
As in Table IV, the characters are arranged in the order of their degree 
of relationship with the lobing of the leaves. Thirteen of the 36 coeffi- 
cients are less than three times their errors; of these, seven were 
significantly correlated with plant type, but not one of the se\^en is 
significantly correlated with the degree of leaf lobing. 

Table V. — Pi'oduct moment correlations of the degree of lobing with the characters named a> 


Rank. 

Character. 

Correlation. 

I 

Type of plant 

b 0.872 
.674 
•534 
•495 

-.454 

-.447 

-.430 

.348 

— .272 

— .270 

— .269 

— .265 

— .256 
.249 
.245 

-.239 

-•235 

— .204 
-.203 

. 188 

2 

L-eaf index 

3 

Width of leaf 

4 

Degree of color 

5 

Length of leaf 

6 

Len^h of longest tassel branch 

7 

Length of sheath 

8 

"Degree of crinkly 

9 

Days to silk. 

10 

Days to pollen 

II 

Length of best inflorescence. 

12 

Length of ear stalk of best inflorescence 

13 

14 

15 

16 

Height 

Rows in the central spike 

Number double 9 alicoles 

Height of tallest sucker 

17 

18 

Number of suckers 

I Total sucker height ' 

19 

20 

i Number of spikes in prophyllary 

[ Lenjgth 9 portion of best inflorescence 

21 

Len^h of branching space 

— .186 

22 

Alicole index 

h . 169 
-.157 

-.145 

,.ii8 

23 

24 

25 

26 

i Length of central spike 

Number of bnmches on best inflorescence 

Number of rows alicoles on best spike 

Leaves above best inflorescence i 

.088 

27 

28 

1 Rows in terminal spike of best inflorescence ‘ 

Total number of leaves ' 

— .086 

29 

30 : 

31 ! 

32 1 
38 I 

' 34 1 
35 

1 

Length of glume ' 

— .. 080 

Length of best spike 

Number of single 9 alicoles '! 

Leaves above j 

1 Number of tassel branches 1 

S' Position of best spike. 

.076 
' '' — .042 
— . 042 

“.039 
" ~-o 35 

, 024 

■'.oro' 

Days pollen to silk 

Leaves on best inflorescence 



^ Coefficients in excess of 0.150 are greater tiian three tiroes the error. ' ' & Blserial correlations.. ■ 

® There were eight coefficients with type of plant which were less than thfee times their error, hnt one of 
these, that with central spike index, does not appear in the correlation with, the degree of lobing., ,,It,was 
omitted from all product moment correlations to facilitate the calculations by means of punched cards. 
The available cards were too short to accommodate all the characters. 
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The correlation between the rank of the characters in regard to cor- 
relation with type of plant and their rank in regard to correlation with 
degree of lobing is 0.21 ±0.11, which is not a very close agreement. 
Not only are the characters not correlated with the degree of lobing^' 
in the same order as witli type of plant, but the degree of relationship 
also is inucli weaker with lobing than ■ with plant type. In general,, 
however, characters of maize not involved in the crinkly variation are' 
found correlated with the crinkly character lobing, clearly indicating, 
genetic linkage of these numerous maize factors with the gene for crinkly 

RAMOSE X TEOSINTE 

Ramose is a variation in which the simple pistillate inflorescence of 
maize has been replaced by a compound structure somewhat resembling 
the tassel. Practically all the seed is borne on branches, the central 
axis bearing seeds only at die apex. In addition to the branched condi- 
tion of the ear, the number of branches on the staminate inflorescence 
has been increased at the expense of the central spike, the latter being 
reduced greatly in length. The branches of the tassel decrease regularly 
in lengtli from the base to the tip, and there is little differentiation be- 
tween brandies and paired spikelets. This gradual decrease in the 
length of the branch,es gives the tassel a characteristic conical appearance 
easily distinguishable from the normal form. 

The ramose variation, fix'st described by Gernert, w’as found in a 
field of the Learning variety (9), and has since been found in a strain 
of sweet corn grown by J. M. Mack of Fallbrook, Calif., (12). In 
crosses with 'normal maize this diaracter behaves as a simple Mendelian 
recessive, and reappears essentially unaltered in the second generation. 
In the first hybrids studied the branched condition of tlie ear and tassel 
behaved as a single character, but in the strain of sweet corn grown by 
Mr. Mack plants were found having typical ramose tassels wi^ normal 
unbranched ears, showing that the apparently single character was 
capable of subdivision or that separate modifying factors existed for 
each inflorescence. 

The ramose ear and relatively unspecialized tassel, as compared 
with the normal maize inflorescences, represent a reversion to a primitive 
type in this one character, and its combination with the nearest wild 
relative of maize might be expected to shed additional light on the 
origin of the present single-spiked pistillate inflorescence of maize. 

The hybrid witli teosinte was made using ramose maize as the female 
parent. A few plants were raised in the greenhouse at Chula Vista, 
Calif,, and the second generation to be discussed is the progeny of one 
of these plants. The remainder of the seed was planted in the field 
with the Fg, and resulted in 44 plants, all normal with respect to the 
form of inflorescence, which was similar to that of other F^ maize-teosinte 
hybrids. 

, One hundred and nineteen F^ plants were grown, of which 29 were 
dassed as ramose, the percentage being 24.4 ±2.7. One of these plants 
is shown in Plate 6, A, and the pistillate inflorescences are shovrn in 
Plate 7. , The classification was made before the pistillate inflorescences 
were, harvested, and therefore was based entirely on the' characteristics 
of the tassd. ,'In these hybrid plants almost every, lateral branch ter- 
. minates in a staminate panide, and the ramose nature of the tassel is in 
evidence over the entire, plant. The fact that these inflorescences are 
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developing ' over a relatively long period of time obviates some of the 
difficnities in classification arising from the effect on branching of fiuc- 
tuating environmental factors. 

CHARACTERS MEASURED 

Several characters which v-ere measured in the crinkly-teosinte hybrid 
w'ere disregarded in the ramose hybrid, since the two parents were not 
strikingly different with respect to tliem, and several new characters 
which serve to differentiate the parents were added. The added char- 
acters are: (a) Length of upper branch of tassel; {b) best spike, double 
male; (c) best spike, mixed male and female; and (d) number of branches 
on the best spike. . 

Length of upper branch of tassee. — ramose, the upper, branch 
of the tassel often is but a centimeter or two long wdiile in teosinte it 
usually exceeds 10 centimeters in length. 

Best spike, double male.— The number of alicoles having two 
staminate spikelets on the best spike. This type of inflorescence, 
though expected, was not found in the crinkly hybrid. 

Best, SPIKE, mixed male and female. — ^The number of alicoles having 
one staminate and one pistillate spikelet on tlie best spike. Where 
double male alicoles are found, the spike usually has a few alicoles with 
spikelets of both sexes marking the transition from the pistillate to the 
staminate portion. 

Number of branches on the best spike. — This corresponds to 
the number of branches on the ears of ramose plants, and is, of course, 
found only when the plant is of the ramose type. This type of branching 
is not to be confused with the branched inflorescence of teosinte, where 
each branch is subtended by bracts. When the spike is but two-rowed, 
resembling the teosinte parent with respect to this character, and is 
combined with the branching typical of ramose maize, the number of 
branches seldom exceeds 14, since they are limited to the number of 
alicoles. All the other characters used are identical with those of the 
crinkly-teosinte hybrid described on pages 540-543. 

inheritance of measured characters 

The biometrical constants for the plants of the and Fg are given 
in Table VI, while the frequency polygons are shown in figures 44 to 75. 
In each of the figures the plants classed as ramose are shaded. 
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Fig. 44.- 
Fig. 45.- 
Fig. 46.- 
Fig. 47.“ 
Fig. 48.- 
Fig. 49.- 
Fig. 50.- 
Fig. 51.- 
Fig. 52.- 
Fig. 53.- 
Fig. 54 .- 
Fig. 55.- 
Fig. 56.- 
Fig. 57.- 
Fig. $8.- 


FIGURES 44 TO 58 

-Number of days pollen to silk; frequency distribution of plants in Fg. Class 
value, one day. Shaded portion represents plants classed as ramose. 

-Height; frequency distribution of plants in F2. Class value, i decimeter. 
Shaded portion represents plants classed as ramose. 

-Height of tallest sucker; frequency distribution of plants in F^. Class 
value, I decimeter. Shaded portion represents plants classed as ramose. 

-Total sucker height; frequency distribution of plants in Fo. Class value, i 
meter. Shaded portion represents plants classed as ramose. 

-Number of suckers; frequency distribution of plants in F.,. Class value, 
one sucker. Shaded portion represents plants classed as ramose. 

-Leaves above; frequency distribution of plants in F2. Class value, one leaf. 
Shaded portion represents plants classed as ramose. 

-Total leaves; frequency distribution of plants in Fo. Class value, one leaf. 
Shaded portion represents plants classed as ramose. 

-Branching space; frequency distribution of plants in Fg. Class value, 2 cm. 
Shaded portion represents plants classed as ramose. 

-Length of central spike; frequency distribution of plants in F2. Cla^ 
value, 2 cm. Shaded portion represents plants classed as ramose. 

-Length of Ibngest tassel branch; frequency distribution of plants in F2. 
Class value, 2 cm. Shaded portion represents plants classed as ramose. 

-Length of uppermost tassel branch; frequency distribution of plants in Fg. 
Class value, 2 cm. Shaded portion represents plants classed as ramose. 

-Number of tassel branches; frequency distribution of plants in F2. Class 
value, 10 branches. Shaded portion represents plants classed as ramose. 

-Rows in central spike ; frequency distribution of plants in Fg. Class value, 
one row. Shaded portion represents plants classed as ramose. 

-Leaves above best inflorescence frequency distribution of plants in F3. 
Class value , one leaf. Shaded portion represents plants classed as ramose . 

-Leaves on best inflorescence frequency distribution of plants in F2. Class 
value, one leaf. Shaded portion represents plants classed as ramose. 
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FIGURES 59 TO 75 

Fig. 59. — Length, of best inflorescence; frequency distribution of plants in F^. Class 
value, 10 cm. Shaded portion represents plants classed as ramose. 

Fig. 60. — Length of female portion of best inflorescence; frequency distribution of 
plants in F2. Class value, i cm. Shaded portion represents plants 
classed as ramose. 

Fig. 61. — Number of branches on best inflorescence; frequency distribution of plants 
in F2. Class value, one branch. Shaded portion represents plants 
classed as ramose. 

Fig. 62. — Rows in terminal spike of best inflorescence; frequency distribution of 
plants in F2. Class value, one row. Shaded portion represents plants 
classed as ramose. 

Fig. 63 — Position of best spike; frequency distribution of plants in Fo. Class value, 

0 for prophyllar}% i for terminal, 2 for lateral. Shaded portion represents 
plants classed as ramose. 

Fig. 64. — Length of best spike; frequency distribution of plants in F2. Class value, 

1 cm. Shaded portion represents plants classed as ramose. 

Fig. 65. — Rows of alicoles on best spike; frequency distribution of plants in Fg. 

Class value, one row. Shaded portion represents plants classed as ramose. 

Fig. 66. — Number of branches on best spike; frequency distribution of plants in Fg. 

Class value, 10 branches. Shaded portion represents plants classed as 
ramose. 

Fig. 67. — Double female alicoles on best spike; frequency distribution of plants in 
Fg. Class value, 10 alicoles. Shaded portion represents plante classed 
as ramose. 

Fig. 6S. — Single female alicoles on best spike; frequency distribution of plants in Fg. 

Class value, 10 alicoles. Shaded portion represents plants classed as 
ramose. 

Fig. 60. — Mixed male and female alicoles on best spike; frequency distribution of 
plants in Fo. Class value, one alicole. Shaded portion represents plants 
classed as ramose. 

Fig. 70. — Double male alicoles on best spike; frequency distribution of plants in Fg- 
Class value, 10 alicoles. Shaded portion represents plants classed as 
ramose. 

Fig, 71, — Best spike, alicole index; frequency distribution of plants in F-g. Class 
value, 10 per cent. Shaded portion represents plants classed as ramose. 

Fig. 72.— Number of spikes in prophyllary; frequency distribution of plants in Fg. 

Class value, one spike. "Shaded portion represents plants classed as 
ramose. 

Fig. 73. — Length of central spike on female inflorescence; frequency distribution of 
plants in Fg. Class value, i cm. Shaded portion represents plants classed 
as ramose. 

Fig. 74, — Number of days to pollen; frequency distribution of plants in Fg. Class 
value, ten days. Shaded portion represents plants classed as ramose. 

Fig. 75* — Number' of days to silk; frequency distribution of plantS' in Fg.^ Class 
value, ten days. Shaded portion represents plants classed as ramose. 
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Height is not a feature of the ramose variation, as it is of crinkly, and 
no bimodality in the various measures of this cliaracter was to be expected. 
The figures will facilitate a comparison of the distributions of the plants, 
with respect to these characters in this hybrid, with the distributions of 
the crinkly and bracliytic hybrid. 

A comparison of the distribution of the first six characters in die 
crinkly (fig, i to 6) and ramose hybrids (fig. 45 to 50) shows a striking 
similarity, and emphasizes the failure of the semidwarf stature of crinkly 
to behave as a simple character. 

As in the case of the hybrid with crinkly, many F. plants of the ramose 
hybrid were proterogynous, though the mean number of days from 
pollen to silk for the whole population and for each of the two groups 
comprising it was a positive value. 

Bimodaiity is evident in the distributions for the several cliaracters 
indicating the type of staminate inflorescence (fig. 51 to 55), and a very 
high correlation with the ramose type also is apparent. It must not 
be overlooked, however, that in each case there are intermediate plants. 

The frequency distributions that measure the branching of the pistil- 
late inflorescence (fig. 61 and 66) also are bimodal, as well as the alicole 
index (fig. 71), which in this hybrid presents the best evidence as yet 
obtained for the discontinuous inheritance of tliis character. The Fj 
plants have a high percentage of single female alicoles, showing a partial 
dominance of this teosinte characteristic over tlie maize parent, and 
bimodaiity of the F3 is therefore not unexpected. The majority of the 
plants would be expected to have a high percentage of single female 
alicoles, which proves to be the case; and in this respect the ramose 
hybrid resembles the crinkly hybrid and, like it, differs from the hybrid 
with Tom Thumb (5). 

It will be observed (fig. 67) that none of the plants classed as ramose 
had double female alicoles. This condition may be related to the almost 
complete sterility of these plants, especially as they approach teosinte 
in the character of the number of rows of alicoles. Of the very few 
seeds borne by these ramose plants, all were on inflorescences that 
approximated maize in the number of rows of alicoles, and none was 
borne by the plants which resembled teosinte. Several plants with 
branched pistillate inflorescences were found that had but two rows of 
alicoles; but these plants were so completely sterile that there was no 
evidence of even the formation of spikelets; and the feathery branches, 
though not at all succulent, suggest the sterile '‘cauliflower'’ inflorescence 
of the pod-ramose ' hybrid ( j) . (See PL 7.) In none of these two- 
rowed, inflorescences w^as there found more than one branch from an 
alicole, though these inflorescences sometimes were ramified further. 

The almost complete sterility of the ramose segregates of the teosinte 
hybrid would account partially for the high percentage of plants with 
single female alicoles ; and it is not without significance from the stand- 
point of the origin of the ear, suggesting as it does that teosinte is even 
further specialized with respect to branched inflorescences than is maize. 

This sterility indicates that the change of norm,al maize to the ramose 
condition is not in the' nature of a reversion to teosinte. While it is 
■ possible to obtain complete series of fertile forms connecting the pis- 
tillate teosinte inflorescence with the infiorescence of maize, and a similar 
.: series connecting the normal maize inflorescence with that of the ramose 
••type, it is not possible so to connect the ramose inflorescence with that 
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of teosinte. The mdiments of intermediate structures are found, but 
they remain abortive and sterile. 

It is a moot question whether the simple pistillate inflorescence of 
maize represents the loss of a more specialized branched condition or has 
come about through a still further specialization of a branched inflor- 
escence in which the branches have become united. The ramose varia- 
tion is the principal evidence in support of the former view, and it is 
clear that the branched condition of ramose maize had nothing in com- 
mon with the branched inflorescence of teosinte. The incompatibility 
of the ramose form of branched inflorescence in combination with the 
oth'et' characters of the pistillate spike of teosinte seems all the more 
remarkable in view of the general tendency toward branching mani- 
fested throughout the teosinte plant, and including both, vegetative and 
floral organs. 

Although it might have been expected that the ramose variation would 
be correlated with maize characters and tliat few nonramose inflores- 
cences with many rows of alicoles would be obtained, the contrary proved 
to be the case. Thus, while the number of F, individuals grown from the 
ramose hybrid was less than that of any of the other hybrids, the parental 
types of inflorescences characterizing the normal forms of the parent 
species were recovered more nearly than in other hybrids. The best 
approximation to a normal unbranched ear was found in the F3 of the 
ramose hybrid, and an inflorescence typical of Durango teosinte also was 
obtained , though no spikes were found in either the crinkly or ramose 
hybrids having seeds shaped like those of Florida teosinte (4). (See 
PI. 7, B.) 

Not only were maizelike unbranched pistillate inflorescences obtained, 
but even in the relatively small group of ramose plants branched ears 
were found closely approximating the ramose ears of maize. In none 
of the cases of maizdike ears, however, were the inflorescences as large 
as the normal ears of the variety from which the ramose parent was 
obtained, the longest ear being less than 15 cm. in length. 

The group of ramose pistillate infloresences embraced no other ances- 
tral characters. Thus, as in maize, when fertile pistillate spikelets were 
produced, these always had the hardened outer glumes and reduced 
bractlike inner glumes characteristic of the spikelets' of a maize ear. 
There was a tendency for the inflorescences to be staminate, but this 
largely is a measure of sterility, which was so pronounced in the ramose 
plants. Among the ramose inflorescences that approached the two- 
xowed teosinte spike, the specialized rachis, characteristic of the pistillate 
inflorescence of teosinte, is entirely lacking, the inflorescence resembling 
completely a branch of the staminate panicle, with the distance between 
the. articulations greater than is the case in normal pistillate inflorescences. 

CORRELATION OE THE ■ RAMOSE , VARIATION WITH CHARACTERS THAT 

distinguish maize from teosinte 

the biserial correlations with type of plant are examined there 
.are found to , be only eight coetficients exceeding three times 'their error. 
These' coefficients are given in ■ Table -.VII. ,' The biserial method could, 
not be applied to the characters, that ..measured the . degree of ramoseness,,, 
since the distribution of plants with respect to these characters was 
bimO'dal. . Of the eight coefficients, five, at first sight appear to be dis- 
herences, while only three, days pollen to silk, height, and length of. 
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best inflorescence are coherences* Of the five coefiicients which would 
seem, to be dislieretices three are capable of anotlier interpretatioiij 
tiie correlations with length of pistillate portion of best inflorescence, 
number of double staminate alicoles on best spike, and number of rows 
ill the terminal spike of the best inflorescence. The almost complete 
sterility of the ramose plants acts in such a manner as to reduce tlie 
length of the pistillate portion of the best inflorescence, causing a negative 
correlation of ramose type with this character. The positive correlation 
with the number of double male alicoles on best spike also is a disherence 
as viewed from the standpoint of normal maize, but, again, the sterility 
of the pistillate inflorescence seems the true explanation. The failure 
to develop pistillate flowers was manifested in many cases by the pro- 
duction of staminate spikelets, and in some cases entire inflorescences 
were staminate. Sterility also seems the best explanation of the nega- 
tive correlation with the number of rows of alicoles on the temimal spike 
of the best inflorescence. 

TABiyE VII . — Biserial correlations of ramose type with the characters named ^ 


Character. 


Cor- 

relation, 


Days pollen to silk 

Length $ portion of best inflorescence 

Number of double alicoles on best spike 

Rows in the central spike 

Rows in terminal spike of best inflorescence. . . 

Length of longest tassel branch 

Height. 

Length of best inflorescence 

Days to silk 

Position of best spike 

Alicole index 

Height of tallest sucker. 

Number of single $ alicoles on best spike 

Number rows of alicoles on best spike. 

Leaves above best inflorescence 

Length of best spike 

Number of spikes in prophyllary 

Total number of leaves. . 

Number of suckers. 

Leaves on best inflorescence. 

Leaves above upper branch. 

Number of mixed male and female alicoles. . . 

Days to pollen 

Total sucker height 

Number of double 9 alicoles on best spike. . . . 


0.76 
— . 60 
.46 
.42 


-..41 

-.36 



.24 

,22 


-.14 

•13 

. 12 

. 12 
. 10 
-.09 
“ .09 
.08 
.oS 
,06 
-.05 

.00 

.00 


® Coefficients in excess of 0.24 are greater than three times the error. 


Two outstanding disherences remain, for which there seems to be no 
logical interpretation. These are the negative correlation of ramose 
type with the number of rows in the central spike of the tassel, and the 
length of the longest tassel branch. A many-rowed central spike clearly 
is a maize character, and since it is part of the terminal staminate inflor- 
^ence which showed no obvious signs of sterility in the group of ramose 
plants, there is no morphological explanation of the rather high negative 
correlation. The same is true also of the negative correlation wi3i the 
length of the longest tassel branch, for which no explanation can be 
offered. 
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Tlie two negative coef&cients with length of best mflorescence, and 
the positive correlations with days pollen to silkj are all coherences 
expected on the hypothesis that the ramose variation is correlated 
with maize characters. None of the other characters listed have signi- 
ficant coefficients, but it is of interest to compare this series of relation- 
ships with those shown for the crinkly variation in Tables IV and V. 

The absence of correlation between the ramose type and the number 
of rows of alicoles on the best spike seems worthy of mote. Thus it 
seems clear from this hybrid that the ramose parent introduced the 
necessary factors for the. production of normal unbranched ears quite 
independently of the branched character of the inflorescence, and, as a 
consequence, unbranched inflorescences were obtained closely resembling 
normal maize ears. 

BRACHYTIC X TEOSINTE 

Brachytic is a dwarf variation of maize in which the length but not 
the number of intemodes is reduced, and all other organs remain full- 
sized. In crosses with plants of normal stature this type of dwarf 
behaves as a simple Mendelian character recessive to the normal form, 
reappearing in approximately 25 per cent of the F2 plants, apparently 
unaltered as to stature (ii). 

Only one plant was obtained of the hybrid with teosinte, and from 
this self-pollinated plant a second generation of 290 plants was grown. 
Of these plants only 35, or i2.i±i.3 per cent were classed as brachytic, 
a departure from the expected 25 per cent, and too significant to be 
ascribed to chance. One of these plants is shown in Plate 6. While 
in many maize crosses the percentage of brachytic plants recovered in 
the Fg, like that in the case of most recessive characters, is below the 
expected, the departures usually are within four times the error. The 
percentage obtained in the teosinte hybrid is not referable readily to the 
interaction of two independent factors, since it lies midway between 
the 6.25 per cent expected where the character only appears when two 
recessive factors are homozygous, and the 18.75 per cent expected in 
cases where the character appears on the interaction of a dominant and 
a recessive factor. 

Not only is the number of brachytic plants too low for a simple reces- 
sive character, but the distinction between normal and brachytic plants 
is not as clear as in crosses with normal maize. This difference between 
the maize and the teosinte hybrids is shown by a comparison of the 
graphs in figures 76 and 83. The failure to obtain definite segregation 
probably accounts in a large measure for the low number of brachytic 
plants, and perhaps is due to the introduction of modifying factors 
through the teosinte parent. 

Two plants were found that had brach3rtic intemodes on the lower 
half and normal intemodes above, and one plant was found with a 
brachytic main stalk and normal suckers. Such instances are not 
unique nor confined to the hybrid with teosinte, similar plants having 
been found, in maize hybrids after repeated back crossing , of brach5rtic 
with normal plants, 

„ All varieties of, maize exhibit what .may be construed an indication 
of brachysm, and it is possible to view .the origin of the brach3?lic variation 
as an example of homeosis, or the transfer of the shortened intemodes 
of the ear stalk to those of the main culm. 
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In teosinte there is no such indication of brachysm, all branches 
having elongated intemodes. The first indication of the contamination 
of teosinte with maize is in the direction of brachysm, as instanced by a 
shortening of the pistillate rachis, resulting in displacing the alignment 
of the seeds and a shortening also of the lateral vegetative branches. 

The absence in teosinte of the hereditary factors that control the 
shortening of the intemodes and their homologues in the lateral inflor- 
escences of maize may be responsible for the failure of simple segregation 
in the Fg. 

characters measured 

Several characters not recorded in the crinkly and ramose teosinte 
hybrids were studied in the brachytic hybrid, while other characters 
used in the former h3?'brids were not considered. The added characters 
are: (a) Diameter of stalk; (b) average length of intemodes on best in- 
florescence; (c) rank of pistillate inflorescence. 

Diameter oE staek. — This measurement is taken at the smallest 
place of the largest intemode and is recorded in millimeters. In teosinte 
the average diameter of the stalk is about 2 cm., while in brachytic 
maize it averages about 4 cm. 

Average length of internodes on best inflorescence- — This 
measurement is designed to determine whether the brachytic nature of 
suckers is retained on the lateral branches borne above the ground. 
The length of the branch in centimeters is divided by the number of 
intemodes. The intemodes of teosinte branches usually exceed 10 cm. 
in length, and in brachytic maize seldom exceed i cm. 

inheritance of measured characters 

An examination of the frequency distribution shows that height of 
plant is the only characteristic having a bimodal distribution which can 
be attributed to the segregation of the brachytic character. Other bi- 
modal characters are found, but these are not the result of the segregation 
of brachysm. Unlike the case of the crinkly and ramose hybrids, and 
similar to that of the Tom Thumb hybrid, no proterogynous plants were 
obtained in the Fg. The mean number of days from pollen to silk was 
5.52 ±0.13, which is vary much less than the 18.^ ±0.59 observed in the 
Tom Thumb hybrid. 

^ Rank: of pistillate inflorescence. — ^The best pistillate spike from 
each plant was arranged in a series grading from teosinte to maize. This 
series was continuous, but for facility in handling the data an effort was 
made to combine the inflorescences into ' a few grades. Eight grades 
were established, grade one including only those spikes which were in- 
distinguishable from pure teosinte, while grade eight embraced the most 
maizelike inflorescences. There were only four spikes of .grade, eight, 
and , these resembled poorly developed maize ears. In the. intermediate 
groups the inflorescences were classed as- to the number of rows of 
spikelets, the amount of articulation of the rachis, etc. A fairly -normal 
frequency, distribution was obtained for these eight grades, which may be 
considers as indicating "that this- grouping of- the' ' inflorescences was- a 
natural "one. ' In all othar maize-teosinte hybrids in which the' Florida 
strain ' of teosinte has been used, the seeds of the most teosintelike 
"inflorescences recovered in the F^ resembled the triangular seeds of the 
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Durango strain; none were obtained with the trapezoidal seeds typica 
of the Florida form. In the bradiytic hybrid, however, several plants 
were found with seeds indistinguishable in form from those of the Florida 
teosinte, but much smaller in size and of very different color. In addi- 
tion to recovering the seed shape, it should be noted that among the 
teosintelike inflorescences there are many having seeds which greatly 
■exceed the seeds of teosinte in size, though exhibiting the shape diarac- 
teristic of Durango teosinte. (See Plate 8.) 

The brachytic variation has in its ancestry a pop corn with strongly 
beaked seeds, but the degree of beaking on the seeds of the brachytic 
strains has diminished until only rarely are the beaks perceptible. It 

■ was not without surprise, therefore, that inflorescences in, the F2 of the 

brachytic-teosinte hybrid were obtained with a fantastic development of 
the beaked character, an example of which is showm in Plate 7, C. 
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FIGURES 76 TO 86 

Fig, 76. — Heigiit; frequency distribution of plants in the Fg of a Boone X^facby tic 
hybrid. Class value, i decimeter. Shaded portion represents plants 
classed as brachytic. 

Fig, 77. — Diameter of stalk; frequency distribution of plants in F2. Class value, x 
mm. Shaded portion represents plants classed as brachytic. 

Fig. 78. — Central spike index; frequency distribution of plants in Fg. Class value, 2 
per cent. Shaded portion represents plants classed as brachytic. 

Fig. 79. — Total number of leaves; frequency distribution of plants in F2. Class value, 
one leaf. Shaded portion represents plants classed as brachytic. 

Fig. 80. — Central spike; frequency distribution of plants in F2. Class value, i cm. 
Shaded portion represents plants classed as brachytic. 

Fig. 81. — I^ongest tassel branch; frequency distribution of plants in F2. Class value 
2 cm. Shaded portion represents plants classed as brachytic. 

Fig. 82. — Leaves above upper branch; frequency distribution of plants in Fg. Class 
value, one leaf. Shaded portion represents plants classed as brachytic. 

Fig. 83. — ^Height; frequency distribution of plants in F2 of brachytic X teosinte. 

Class value 2 decimeters. Shadea portion represents plants classed as 
brachytic. 

Fig. 84. — Total sucker height; frequency distribution of plants in F2. Class value, 
2 meters. Shaded portion represents plants classed as brachytic. 

Fig. 85. — Number of suckers; frequency distribution of plants in Fg. Class value, one 
sucker. Shaded portion represents plants classed as brachytic. 

Fig. 86. — Branching space; frequency distribution of plants in Fo. . Class value, i 
cm. Shaded portion represents plants classed as brachytic. 
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FIGURES 87 TO 96 

Fig. 87.— -Number of tassel brandies; frequency distribution of plants in F2. Class 
value, two tassel brandies. Shaded portion represents plants classed as 
brach}d;ic. 

Fig. 88. — Length of best inflorescence; frequency distribution of plants in Fg. Class 
value, I cm. Shaded portion represents plants classed as brach3rtic. 

Fig. 89. — -Leaves above best inflorescence; frequency distribution of plants in F2. 

Class value, one leaf. Shaded portion represents plants classed as 
brachytic. 

Fig. 90. — Leaves on best inflorescence; frequency distribution of plants in F2. Class 
value, one leaf. Shaded portion represents plants classed as brachytic. 

Fig. 91. — Length of female portion of best inflorescence; frequency distribution of 
plants in F2. Class value, i cm. Shaded portion represents plants classed 
as brach3rtic. 

Fig. 92. — Length of ear stalk of best inflorescence; frequency distribution of plants in 
Fg. Class value, 5 cm. Shaded portion represents plants classed as 
brachytic. 

Fig. 93. — ^Number of branches on best inflorescence; frequency distribution of plants 
in F2. Class value , one branch . Shaded portion represents plants classed 
as brachytic. 

Fig. 94. — ^Rows in terminal spike of best inflorescence; frequency distribution of 
plants in Fo. Class value, one row. Shaded portion represents plants 
classed as brachydic. 

Fig. 95. — Position of best spike; frequency distribution of plants in Fg. Class value, 
I for terminal, 2 for lateral, 3 for prophyllary. Shaded portion represents 
plants classed as brachytic. 

Fig. 96. — Length of best spike; frequency distribution of plants in Fg. , Class value, i 
cm. Shaded portion represents plants classed as brachytic. 
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FIGURES 97 TO 106 

Fig. 97.— Rows of alicoles on best spike; frequency distribution of plants in B'g. 

Class value, one row. Shaded portion represents plants classed as 
brachytic. 

Fig. 98. — .Number of double female alicoles; frequency distribution of plants in Fg. 

■ Class value, five alicoles. Shaded portion represents plants classed as 
brachytic. 

Fig. 99.— Number of spikes in prophyllary branch; frequency distribution of plants 
in Fo. Class value, one spike. Shaded portion represents plants 
classed as brachytic. 

Fig. ioo. — Number of single female alicoles; frequency distribution of plants in F^. 

Class value, two alicoles. Shaded portion represents plants classed as 
brachytic. 

Fig. ioi. — ^.\licoie index; frequency distribution of plants in F.,. Class ,v£#ue, 5 per 
cent. Shaded portion represents plants classed as brachytic. 

Fig. 102. — Number of days to pollen; frequency distribution of plants in Fq. Class 
value, 5 days. Shaded portion represents plants .classed as brachytic. ^ 

,Fig. 103. — .Number of daj^s to silk; frequency distribution of plants in F^. Class 
value, 5 days. Shaded portion represents plants classed as brachytic. 

Fig. 104. — Number of days from pollen to silk; frequency distribution of plants in Fg. 

Class value, i day. Shaded portion represents plants classed as brachy- 
tic. 

Fig. 105. — Average length of iiiternodes on best inflorescence; frequency distribution 
of plants in F2. Class value, i cm.. Shaded port,.ioii represents plants 
classed as brachytic. 

Fig. 106. —Rank of best spike; frequency distribution of plants in F^.: Ci.ass value, 
one degree. Shaded portion represents plants classed as brachytic. ' 
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The biometrical constants for the characters considered are given in 
Table VIII, and the frequency distributions are shown in figures 77-106. 
In each graph the shaded portion represents the plants classed as 
br achy tic. 

CORRELATION OE THE BRACHYTIC VARIATION WITH CHARACTERS OF 

MAIZE 

When the biserial correlations with type of plant are examined it is 
foi}iid that there are 17 coefficients in excess of 3 times tlie error, while 13 
are below this figure (Table IX). Of the 17, height and total sticker 
height should be eliminated, since these obviously are but other measures 
of the brachytic nature of the plants. Of the 15 remaining coefficients, 
13 are coherences representing a tendency for the brachytic type of 
plant to reappear in the F2 accompanied by other maize characters. 
The two disherences are the negative correlations of brachytic type 
with central spike index and with the number of leaves on the best 
inflorescence. Thus the brachytic plants, which usually have central 
spikes longer than those of normal maize plants and very much 
longer tlian those of teosinte plants, are found in this second generation 
to have relatively short central spikes. The coefficient, however, is 
only slightly in excess of 3,5 times the error, and may be due to chance. 
The negative correlation with the number of leaves on the best inflores- 
cence seems incapable of a logical explanation, and must stand as a definite 
disherence. 

TABrE VIII . — Biometrical consianis for the secojid generation of the brachytic X teosinte 
* hybrid 



Entire population. 

Brachytic group. 

Normal group. 

Difference. 


Fig. 
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Mean. 
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i 
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i 

w 
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i 

< 

p-i 
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cy 
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22 . 75 
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0. 278 

XI. 74 

2. 71 

0.309 

24. 29 

' 

5.89' 0.353 

12 - 55 

0. 399 

31.48 

83 

Total sucker height. . 
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SO 
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1 . 35 
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3.26 
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. 820 


92 

81 

Leaves above best in- i 












florescence ! 
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Table ViTI. — Biometrical constants for the secofid generation of the hrackytic X kosinte 

hybrid — Continued 
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6. 00 
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. 106 
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Table IX. — Biserial correlations of brachytic culms with the characters named « 


Character. 


Correlation, 


Height 

Alicole index 

Diameter of stalk. 

Number of double $ alicoles 

Rank of pistillate inflorescence 

Total sucker height 

Number of suckers 

Number of single $ alicoles 

Number of spikes in prophyllar^L 

Rows of alicoles on best spike 

Leaves on best inflorescence 

Length of 9 portion of best spike 

Position of best spike 

Rows in terminal spike of best inflorescence 

Central spike index 

Length of best spike 

Length of ear stalk best inflorescence. . . 

■Length of best inflorescence 

Average length of intemodes on best inflorescence 

Leaves above branch 

Total number of leaves 

Number of tassel branches. ■ 

Number of branches on best inflorescence , . . , . 

Days to pollen. ■ 

Days to silk.. , 

Branching space.,' 

Central spike 

Length of longest tassel branch 

.Leaves above best inflorescence . . ' 

Days pollen to silk 


o.95io.o3 
•63i .05 
. 62 db . 05 

• S8± .05 
.S6± .06 
•SS± -05 
.40± .05 
-37± -06 
• 3 S± -O'? 
.34± -07 

. 34 ± -06. 

• .07 
.29± .07 
,28i .07 
.25± .07 
.24± ,.,07 

.07 

.i 9 d= .07 
.I 4 i -07 
.I2± ,'07 

. 1 1 ± .07 
. II ±' *07 
.lO'db - 07 ' 
.o9± .07 
.ogd:' »o7' 

• 08 . 07 

.O'Sih .07 
.0'7i:,' .07 
,oS± .07 

02 i . 07 


« Correlations in excess of o. as are greater than three times the error. 
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CORRBI^ATION AMONG CHARACTEJRS OF THE PLANTS OF THE Fg 

The coefficients of correlation among all the characters of the plants 
of the second generation are given in Table X. Of these, the most in- 
teresting are those of negative sign, since they represent the cases where 
large dimension of one cliaracter is associated with a small dimension 
in the other. In most such cases the interaction of physiological fac- 
tors is eliminated, though there are several coefficients of negative sign 
which are purely mathematical in origin. ' Thus, the central spike index 
is of necessity negatively correlated with the length of the branching 
space, since lie index represents the quotient obtained by dividing the 
length of the central spike by the sum of tlie length of the organ and the 
length of tlie branching space. There are others of a similar nature, but, 
considering the mass of coefficients in the table, they form a very small 
percentage. 

Height and total sucker height. — There are three significant 
disherences with height of plant, and two with total sucker height; but 
all of these can be discounted for physiological reasons. The non- 
linearity of the regression in the correlation involving height tends to 
reduce the coefficients, so that many of the coefficients not now in ex- 
cess of three times the error probably are significant. It is worthy of 
note that with several characters, such as length of the pistillate portion 
of the best inflorescence and the number of double female alicoles, where 
physiological and genetic factors are operating in opposite directions, 
the genetic relationships are strong enough to bring about negative 
coiTelations. 



Tabi.E 'K.—CocfficienU of correlation among the characiers of the planU of the second tjeneraiion of the hybrid between hrachytu 

feosinie^ 


Teosinte Maize Hybrids 




Coefficients preceded by the letter " I) ” are those in which characters derived from different j 
ir error. . , , , . , - 

Biserial correlations. Coefiicietits m excess oi o. 184 are greater than three times their error. 
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Number or suckers. — WTiile there-- are 15 significant correlations 
with number of suckers, all but four of these would be expected for both 
physiological and genetic reasons. Of the four which can be explained only 
on the basis of genetic relationship, the highest is with rank of the pistil- 
late inflorescence, and all involve some measure of the form of this in- 
florescence. These correlations indicate clearly a tendency for plants 
with few suckers to bear maizelike inflorescences. 

Diameter of cuum. — Normal maize and teosinte differ pronouncedly 
in diameter of the culm, and this difference is greatly magnified when the 
maize parent is brachytic; yet, notwithstanding this fact, there are 
more disherences with diameter of culm in the brachytic- teosinte hy- 
brid than with any of the other characters studied. It seems clear that 
physiological factors are able to mask most of the genetic relationships 
which exist, though the negative correlation with alicole index indicates 
that the most maizelike pistillate inflorescences will occur on plants with 
the thickest culms. 

Leaves above upper branch. — ^With leaves above the upper branch, 
which is one of the best differentiating characters between maize and 
teosinte, there are no significant disherences. While the coefficients for 
none of tlie correlations with this character are high, with the exception 
of that with the leaves above the best inflorescence, the many negative 
coefficients where physiological and gentic factors are at work in opposite 
directions indicate the relative strength of the gentic relationships. 

Total number of leaves. — ^With the character, “total number of 
leaves,' ’ there are two significant disherences, one of which can not be 
explained readily on the basis of the interaction of physiological factors ; 
but in this case the coefficient of —0.148 is but slightly in excess of three 
times the error, and with the number of coefficients under consideration 
several chance departures of this magnitude from complete independence 
are to be expected. Of the coherences, there are three clear examples 
of linkage, those with central spike index, length of the pistillate portion 
of the best spike, and rank of the pistillate inflorescence. 

Central spike index. — Relatively long central spikes are an out- 
standing characteristic of brachytic maize, but from the standpoint of 
correlations with other characters the index is unsatisfactory. "While 
there are only tw^o significant disherences there is a complete absence of 
clear genetic linkage. 

Branching space. — The length of the branching space also is un- 
satisfactory from the standpoint of correlations, since in many instances 
physiological and genetic factors operate in the same direction; and 
where disherences are found they obviously are due to the greater weight 
of the physiological factors. ' 

Length of central spike.— This character has many of the objec- 
tions of the other measures of the terminal panicle, though it should be 
observed that the negative correlations with days to pollen and' silk, the 
former significant, show that linkage is involved with these complex 
characters. 

Number of tassel branches. — ^There is one clear genetic relation- 
ship with this character, that with the length of the pistillate portion of 
the best spike, though, curiously enough,, this rdationship is not' sus- 
tained with the other measures of the pistillate inflorescence. 

Length of the longest tasseu branch. — ^Wdiile there are several 
significant disherences with this character, ■ all can be ascribed to the 
interaction of physiological factors. There is one clear genetic correla- 
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LHa,yes above; tHE BEST INFLORESCENCE. — With leaves above, where 
several genetic correlations were anticipated, none vvas found; and, 
while there are some unexpected disherences, these can be attributed to 
physiological causes. 

Number of leaves on the best inflorescence. — W ith the nuinber of 
leaves on the best inflorescence there are no significant correlations indi- 
eating disherences urhich can not be explained on physiological grounds; 
while the negative correlations with length of season seem clear examples 
of coherence brought about by genetic, factors. 

Length of the best inflorescence. — ^Witli the length of the best 
inflorescence there are two clear genetic correlations, both negative; tliat 
with , the rows in the terminal spike of the- best inflorescence, and that 
with the length of the pistillate portion. The former is not large, but the 
latter is one of the best gentic correlations found. It seems clear that the 
plants with long branches tend to terminate in staminate rather than 
pistillate inflorescences, resembling teosinte in this respect. 

Length of ear stalk of the best inflorescence. — With length of 
ear stalk, which in teosinte is extremely long and in brachytic maize' 
relatively short, essentially the same correlations are found as with the 
length of the best inflorescence, and, since these two measurements are 
closely correlated (f~ 0.952), such behavior is a necessary consequence. 
The high correlation of 0.952 is not unexpected in view of the fact tiiat by 
far the largest part of the total length of the best inflorescence is made up 
of the length of the ear stalk, the length of the flowering parts forming 
only a small part of the whole. 

Length of the pistillate portion of the best inflorescence. — 
With the length of the pistillate portion of the terminal panicle of the best 
inflorescence there are fourteen coefficients of negative sign which exceed 
three time the error. These coefficients all indicate genetic correlations, 
and include such complex characters as height and season. In addition 
to the negative coefficients, there are several others of positive sign which 
also represent genetic rather than physiological relationship. It seems 
worthy of note that there are no significant disherences with this char- 
acter. 

Number of branches in the terminal panicle of the best in- 
florescence. — ^With the number of branches on tlie terminal panicle of 
the best inflorescence tliere are two significant disherences, but, like so 
many of the preceding instances of this sort, both are capable of explana- 
tion on physiological grounds. 

Number of rows in the terminal spike of the best inflores- 
cence. — With the number of rows in the terminal spike of tlie best in- 
florescence there are no significant disherences; there are several rather 
high correlations witli other characters of the flowering parts. 

Position ' of the best spike. — ^With the position of the best spike 
there is one outstanding disherence— that with days to pollen. In this 
. case the plants having the best spikes in the axils of the propliylla, as in 
,' teosinte, are those with the shorter season. This negative correlation 
seems contr,ary to that expected, both genetically and physiologically. 
There is one outstanding correlation that clearly can be attributed , to 
•genetic causes, namely, that of —.364 with, the rows of alicoles on the 
■best'Spike. ' 

; .Length, of best spike.— There are several significant genetic correla- 
tions' with' length, of best spike, and no disherent correlations which can 
not be attributed to physiological factors. 
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Number of rows of aIvICOEES on best spike. — With, the number of 
rom"s of aiicoles on the best spike, which is one of the outstanding differ- 
ences between maize and Euchlaena, there are no significant disherent 
correlations. It is interesting to observe that this character is negatively 
correlated with the measures of height as well as with season. 

Number of doubee femaee aeicoees on best spike. — The number 
of double female aiicoles and the number of single female aiicoles, which 
in a certain sense are two complementary characters, both show signifi- 
cant genetic correlations, and no' clear disherences. It seems notewortliy 
that where the number of double female aiicoles is negatively correlated 
with the measures of height and season, the number of single female 
aiicoles is positively correlated with these characters. 

Number of spikes in prophyeeary. — The number of spikes in the 
prophyllary inflorescence has four significant correlations which represent 
disherences, but these all may be due to the interaction of physiological 
factors. On the other hand, there are several coefficients' which can best 
be attributed to genetic causes. 

Aeicoee index. — This index measures the proportion of single female 
aiicoles, which is one of the outstanding differences between maize and 
teosinte. It' is of interest to observe that in this character there is but • 
one significant disherence; and many clear genetic correlations. 

Days to poeeen and days to siek. — -With length of season as meas- 
ured by the number of days from planting to anthesis and silking there 
are several significant disherences, most outstanding being those with 
the number of spikes in the prophyllary inflorescence and the number of 
days between anthesis and the appearance of the first silk. The negative 
correlations with the number of spikes in the prophyllary inflorescence 
are contrary to expectation on both physiological and genetic grounds, 
while the positive correlations with days from pollen to silk might be 
attributed to the advancing season, with cool weather retarding the 
appearance of silking. 

Days poeeen to siek. — Of the 29 correlations with days from pollen 
to silk, there are only five in excess of three times the error; of these, 
two are disherences. The character as a whole does not seem to be a 
stable one, or one in which much confidence can be placed, though the 
teosinte parent always is proterogynous and the maize ■ parent pro- 
terandrous. 

Average EEngth of internode. — ^There is one significant disherence 
with the average length of the- intemode on the best branch, namely, 
that with diameter of culm; but since it has been apparent throughout 
that physiological factors have affected the diameter of the culm to the 
almost complete exclusion of genetic factors, no, importance need be 
attached to this single disherence. . 

Rank of the pisTieeate infeorescence. — ^The rank of the pistillate 
inflorescence, where the best spike of each plant was arranged in an 
ascending series from teosinte to maize, and this series , was • distributed 
among eight fairly definite groups, furnishes a composite measure 'evalua- 
ting all the characters of the spike. A fairly normal frequency distribu- 
tion resulted from the grouping of/these spikes, and the' rank, therefore, 
may be taken as a fair estimate of' the degree' of resemblance.of the spike 
to maize or teosinte. The correlations with' rank, should' indicate -to what ''' 
extent the maizelike form of inflorescence is associat'ed, with the other 
characteristics of maize. 
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There are 21 significant correlations in a possible 29, and, without 
exception-, these correlations indicate a tendency for the maizelike form 
of pistillate inflorescence to be associated in inheritance with other 
characters of maize. 

The high correlation of rank with the number of double female alicoles 
(0.654), tather than with, alicole index, arouses the suspicion that size 
was largely the determining factor in arranging the spikes. However, the 
correlation of rank with length of spike is only 0.148, and the partial cor- 
relation of rank with the number of double female alicoles for constant 
length of spikes is 0.6484:0.028, Mere size, tlierefore, could not have 
been an important factor in grading the ears. 

Aside from the correlations of the several characteristics of the in- 
florescences with rank, the correlations with season seem worthy of 
note. Thus, it is apparent that the maizelike form of inflorescence is 
found on the earlier plants, a condition to be expected from the inter- 
action of genetic factors. 

SUMMARY 

Several hybrids between normal maize and teosinte have been grown 
and, aside from variations in size, the first and second generations of such 
hybrids are very much alike. These generations are similar in inher- 
itance to the hybrid between Tom Thumb pop com and Florida teosinte, 
the inheritance of which has been reported previously. 

In view of -the seemingly complete blending of characters of both 
parents in such hybrids, it became of interest to analyze the behavior 
of some , of the more strictly Mendelian variations of maize in hybrids 
with teosinte. 

The present paper reports the inheritance of three striking Mendelian 
characters of maize, crinkly, ramose, and brachytic, in hybrids with the 
annual, teosinte, Euchlaena mexicana. As in hybrids with normal maize, 
all three variations are recessive in the hybrid with teosinte, and all three 
reappeared in the Fg, the two former in the expected monbhybrid per- 
centage of 25, but the last in only 12 per cent of the plants. 

Witib. the crinkly variation none of the measures of this character 
showed a bimodal distribution, though it was possible to classify the 
plants arbitrarily into two groups on their general appearance. 

The several characteristics of the crinkly variation were found to be 
correlated among themselves, though in some cases the degree ot correla- 
tion was low. The crinkly type of plant, as classed in the field, was 
found to be associated with maize characters not involved in the change 
from normal to crinkly, such as the form of the pistillate inflorescence, 
etc. This behavior indicates that there are genetic correlations among 
the maize characters in hybrids with teosinte, as well as a correlation 
between these characters and the mutant type, crinkly. 

The classification of ramose plants in the F2 of the hybrid with teosinte 
was accomplished without difiiculty and, while variation obviously 
existed among the plants classed as ramose, this was not as pronounced 
as in the ramose- Gordo hybrid (12). The variability was visible chiefly 
in the tassels, the pistillate inflorescences seeming to be more uniform. 
Thus, no intermediate pistillate spikes were found, all the ramose spikes 
being branched along idie entire axis. 

with ramose inflorescences, though apparently 
functioning normally with respect to the production of male gametes, 

, wei:e;practically sterile with respect ;to the production of female gametes. 
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Not only were seeds not produced by these plants but spikelets were 
formed only rarel}^, the inflorescences usually consisting of naked feathery 
branches. This sterility, though most pronounced in the group more 
nearly approximating the teosinte parent with respect to other characters, 
was apparent also throughout the entire ramose group.' Fertile seeds, 
however, were matured by the ramose plants that were most maizelike 
with respect to otlier characters. 

Since the ramose form of inflorescence is considered as a reversion to a 
more primitive and possibly ancestral type, its complete sterility in 
hybrids with the nearest wild relative of maize may be not without 
significance. The sterile inflorescences, while not succulent, suggest the 
sterile cauliflower form found in crosses between ramose and podded 
strains. 

The combination of the teosinte form of pistillate inflorescence with 
the branched condition of ramose was completely sterile, and there seems 
to be little reason to believe that such a combination represents an 
ancestral form. 

The ramose form of inflorescence, like the crinkly type of plant, was 
found to be associated with some of the characters of maize not in- 
volved in the change from normal to ramose inflorescences, thus fur- 
nishing additional evidence that there is a con*elated complex of maize 
characters which tends to reappear in the perjugate generations of hybrids 
with teosinte. The ramose form, however, is correlated with only three 
maize characters, and two instances of apparent disherence are found. 

The brachytic segregates of the Fg teosinte hybrid resembled the normal 
segregates much more closely than has been found to be the case in 
brachy tic-normal maize hybrids; and there seems little doubt that 
modifying factors affecting stature have been introduced through the 
teosinte parent. Only 12 per cent of the plants of the second generation 
were classified as bradiytic. 

As in the two preceding characters, brachytic culms are found to be 
associated witli other maize characters; and, while the correlations often 
are not high, it seems clear that somewhat the same complex of maize 
characters is involved as in the other two hybrids. 

All three characters, crinkly, ramose, and brachytic, are found to be 
correlated with other characters of maize, but in many cases the characters 
involved differ in the three hybrids. Thus the crinkly type of plant 
shows a high correlation with short season, as indicated by the negative 
coefficients with days to pollen and days to silk, while neither the ramose 
nor brachytic plants show correlations with season. Similarly, crinkly 
is associated with few leaves, while the other two characters show no 
such association. Both crinkly and brachytic plants have few suckers, 
but the ramose plants seem not to have this limitation. 

It seems clear that many of the multiple-factor characters of maize 
are correlated with '-these three unit characters, but the characters' in- 
volved and the degree of closeness of their relations differ in the three 
hybrids. 

The close relationship: of maize and teosinte is further emphasized 
by these hybrids and, with the exception of the ramose' type of branching, 
there is little evidence of incompatible combinations. 

On the other hand, the cross with ■ brachytic maize' indicates ' that 
teosinte possesses modifying factors for this ' character not present in 
at least a 'large number of maize varieties. This same condition' waS; 
indicated also by the hybrids with golden and rainbow.' 
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It is fiirtlier shown that the branching of the ramose variatioiij which 
would seem to represent a reversion to a more primitive form, does not 
approximate the braiiclied inflorescence of teosinte, but is farther re- 
moved from teosinte than from normal maize. 

With respect to the correlations among the characters which dif* 
fereiitiate maize and teosinte, but which are not involved in the change 
from normal maize to the three variations studied, there seems to be 
practically complete freedom of recombination within the liinits of phy- 
siological relationships. 
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PLATE I 


Lateral inflorescence from a plant of the first generation of a cross between pod 
com and teosinte. The husks have been removed to show the character of the 
spikes. Natural size. 
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PLATE 2 


Plant of tlie second generation of crinkly niaize X teosinte. This plant exhibits 
many of the characteristics of crinkly 'maize. 



platb: 3 

Plant of the second g^eneration of crinkly maize X teosinte. This plant, in contrast 
to that shown in Plate 2, exhibits many of the characteristics of teosinte. 
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PLATE 4 


Terminal intiorescence of the plant represented in Plate 2 , showing the compact 
type of tassel typical of crinkly maize. Natural size. 

74027—24 6 



PLATE 5 

Section of a leaf from the plant shown in Plate 2 showing pronounced lobing at 
the base. About natural size. 
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PIvATE 6 

A, — ramose plant from the second generation of ramose maize X teosinte. Note 
the typical ramose tassel. 

B. — spike-leaT^ed brach^^ic plant from the second generation of brachytic maize 
X teosinte. 



PLATE 7 

A . — Lateral inilorescenee from the plant represented in Plate 6, A, The husks have 
been removed to show the character of the spikes. 

B. — Individual spikes from the prophyllary branch of the inflorescence shown at 

the left in 'A. . . , 

C. — ^The most maizelike and most teosintelike inflorescences obtained in the second 
generation of the ramose maize X teosinte hybrid. The teosintelike seeds resemble 
the triangular seeds of Durango teosinte rather than the seeds of the Florida teosinte 
parent. Natural size. 

D. — Spikes from the second generation of brachydiic maize X teosinte, showing' 
extreme form of beaked seeds. Natural size. 

Beaked seeds were a characteristic of one of the great-grandparents of the brachytic 
maize, but were not noticeable in the immediate brachytic plant which served as 
the female parent of the brach^dic-teosinte hybrid. 
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PLATE 8 


vSpikes from the second generation of brachytic maize X teosinte. The two spikes: 
at the upper right show the gigantic seeds resembling in form Durango teosinte- The 
two spikes in the upper center are the most teosinte like recovered in maize-teosinte 
hybrids and have seeds which resemble in form the seeds of the Florida teosinte parent 
though much smaller in size. The four spikes at the left (2 upper and 2 lower) are 
from a single plant of the F 2 and represent very closely inflorescences typical of Fj 
plants. The upper left-hand spike is terminal and show’s the “saddle-back^’ condi- 
tion encountered in maize-teosinte crosses. 

The two spikes at the lower right are the most maize like inflorescences found in the 
Fj of brachytic maize X teosinte. 




THE UTILIZATION OF LACTOSE BY THE CHICKEN^ 


By T. S. Hamilton, Division of Animal Nutrition, and L. E. Card, Dimshn of 
Poultry Husbandry, Illinois Agricultural Experiment StalionA 

The value of milk, in its various forms, as a poultry feed has been 
clearly established, the high quality of its proteins and minerals being 
its chief assets. The present investigation was undertaken primarily for 
the purpose of determining whether or not lactose, the carbohydrate of 
milk, was utilized by the chicken. It is not always realized that lactose 
represents approximately 38 per cent of the total solids and approxi- 
mately 30 per cent of the energy of whole milk, while the total proteins 
contain but 26 per cent of the solids and approximately 20 per cent of 
the energy of whole milk. In some commercial milk preparations the 
percentage of lactose is much higher; whole milk powder contains 34 to 
41 per cent, skim milk powder 48 to 54 per cent, and secwa, or dried whey, 
contains approximately 74.5 per cent lactose and 14.2 per cent soluble 
albumin (5).® From a practical point of view the carbohydrates of a 
ration usually seem of less importance than the protein because of the lower 
relative cost of the former, but a knowledge of the amount and utiliza- 
tion of the carbohydrates present is necessary in order to formulate the 
most desirable and economical ration for a particular purpose. Thus a 
knowledge of the amount and degree of utilization of the lactose in milk 
is of practical importance to the science of poultry feeding. The ques- 
tion is also of theoretical interest because at no stage in the life of the 
chicken is milk, or any other substance containing lactose, a part of its 
natural diet, and therefore the utilization of lactose, which normally 
requires the presence of a lactase, might rightfully be questioned on 
teleological grounds. 

The literature available on the subject of the utilization of lactose by 
the fowl is very meager. In addition to investigations on the adaptation 
of various digestive organs to lactose, only tw^o studies have been found 
dealing directly with the question. Shaw (7) , in a study of digestion in the 
chick, concluded that lactose was not digested and, further, that it acted 
as aiy4njiJ:ant to the gastrointestinal mucosa. Chicks fed from birth on 
mipf alone died on the third day and the contents of no part of the intes- 
1::Mal tract gave a positive test for monosacch^rids with Barfoed's reagent. 

hat lactose was present was shown by preparing the phenyllactosazone 
crystals. Plimmer and Rosedale (6), on the other hand, claim td have fed 
chickens from birth to a period exceeding three months on a diet con- 
taining lactose. Failure to find reducing sugars in the excreta was taken 
to indicate the assimilation of lactose. 

EXPERIMENTAL BATA 


In determining the utilization of lactose, ' the reducing sugars' present 
in the excreta of hens fed on an ordinary cereal diet and on ' a diet con- 
taining variable amounts of lactose were estimated. . Seven experiMents, 


1 Received for publication Jan. 26, 1924- 

® The writers desire to thank Dr. H. H. Mitchell for many helpful suggestions ' and, advice regard'ine 
certain procedures followed in this work. They are also indebted, to C. I. Bray for some preliminary 
analytical work in connection with the sugar methods used. 
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each of one week’s duration, were made. In all experiments in 
which lactose was fed, except Experiment No. 2, the hens received the 
lactose with their mash on each of three successive days. The excreta 
were collected daily during these three days as well as during the four 
following days in order to allow sufficient time for the excretion of any 
iinabsorbed lactose. Between successive experiments four dayswere^ 
ordinarily allowed to elapse. 

In Experiment No. 2 two grams of lactose were fed daily to each hen 
for seven days. The excreta were collected on the seventh day only. 
Four mature White Wyandotte hens were used, in this investigation. 
Each hen was' kept in a wire cage 15 inches wide, 24 inches long, and 14 
inches high. The wires of the cage were 2 inches apart one way and 4 
inches apart the other. In the bottom of the cage was the excreta-col- 
lection pan, which was of the same width and length as the cage and 1,5 
inches deep. It rested on flat iron grooves which held the pan firmly in 
place but which permitted removal for cleaning. The pan was made 
water-tight, of medium weight galvanized iron. Inside of the pan was 
an iron frame covered with hardware cloth. This frame was just enough 
smaller than the pan to fit closely wdthin it and was raised about i 
inch from the bottom. The hen stood on this frame and the excreta for 
the most part soon passed through the hardware cloth into the pan 
below. In this manner the excreta were neither trampled over nor 
scratched out and lost. The feeding and watering jars were supported 
outside the cages and protected in such a manner that the hen was 
unable to scatter feed into the collection pan. The hens seemed con- 
tented and appeared not to mind in the least the comparatively close 
quarters in which they were confined. 

During each experiment the collection pans were cleaned daily. An 
extra collection pan was available and was substituted for the regular 
pan while the latter was being cleaned. In cleaning the pan, the frame 
was first freed from any excreta remaining on it by scraping the excreta 
into the pan below. The pan itself was ^en thoroughly cleaned with a 
steel spatula. The excreted material from each hen was kept at 0° to 
4® C. in an air-tight, half-gallon glass fruit jar until the end of t^e 
ment, when it was analyzed. In order to preserve the excreta, aa e' a:al 
mixture of alcohol and watej, containing 10 per cent thymol, was pouix d 
over the frame each day after cleaning, the excess being caught in the par 
After running the solution over all parts of the pan, the excess was 
drained into the jar containing the excreta. A small amount of powdered 
thymol was also sprinkled over the excreta in the jars. 

The procedure adopted in this investigation depended upon the fact 
that the excreta from chickens fed on a cereal diet normally contain 
little, if any, reducing sugars. This was shov\m by Brown {3) who care- 
fully examined, by the phenyl-hydrazine test, the excreta of chickens fed 
on a corn diet. No trace of an osazone could be detected. Plimmer 
and Rosedale (6) found no reducing sugars in the excreta of chickens even 
when fed on a diet containing lactose. In the present investigation the 
results* obtained indicate that there is no constant excretion of reducing 
sugars in chickens fed on a cereal diet. The determination of the com- 
pleteness of utilization of ingested lactose, therefore, consisted in the 
analysis of the excreta for reducing sugars. In all cases the quantita- 
tive analysis was substantiated by a qualitative examination of the 
excreta for sugars by the formation of osazones and their identification 
■tinder '‘the microscope. 
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The procedure adopted for the extraction of the reducing substances 
in the excreta was as follows : The total excreta of each hen for the period 
of "the experiment were extracted b}^ pouring 200 to 500 cc. portions of 
hot water over the excreta in a large evaporating dish, macerating 
thoroughly with a pestle, and filtering through cloth. The residue in, 
the cloth was returned to the dish and extracted again. Tidien the total 
volume of the washings measured 4,000 cc., the extraction was con- 
sidered complete. An extract of this volume was previously showm to be 
sufficient by mixing 25 gm. of lactose and 25 gm. of glucose with a seven- 
da}’' collection of excreta and extracting with 200 to 500 cc. portions of 
hot rvater until the last extract failed to give a carbohydrate test with 
Tehling’s solution. The reducing substances in the total excreta for the 
period of the experiment were estimated by determining the reducing 
substances, calculated as lactose, Ci2H220ii, in aliquots of the thoroughly 
mixed extract. 

Two methods were used throughout for the determination of reducing 
substances. The first was the combination of the Munson- and Walker 
and the Bertrand (2) methods, as described by Mathews (4, p. 994), for 
the quantitative determination of reducing sugars in urine and other 
fluids, and the second was Benedict’s (i) method for the estimation of 
glucose in urine. The first is a method of the Association of Official 
Agricultural Chemists ^ for the determination of reducing sugars in 
foods and feeding stuffs and has been found in this laboratory to be 
rapid and accurate. This method, however, has the disadvantage that 
substances other than sugars, uric acid in particular, are capable of 
effecting reduction of the alkaline cupric tartrate and hence, if present, 
would be calculated as lactose. Uric acid would, of course, be present 
in considerable quantities in hot aqueous extracts of chicken excreta. 
However, since the quantity of uric acid excreted daily from a diet in 
which only the amount of lactose varied would probably change but 
slightly, it v-as thought that the variation in quantity of reducing sugars 
present could be estimated without the previous removal of uric acid. 
On the other hand, the Benedict method is not appreciably affected by 
the presence of uric acid,' Tests designed to show the effect of uric 
acid and to determine the applicability of the combined Munson- Walker- 
Bertrand and the Benedict methods to aqueous extracts of chicken 
excreta containing a constant amount of uric acid and varying amounts 
of lactose were conducted. 

First, the effect of uric acid on the determination „of lactose in milk 
by each of -the two methods vras tested. Uactose w'as determined in a 
sample of separated milk by the two methods in the usual manner. 
Then, uric acid, varying from o.oi gm. to. i gm. was added to 25 cc. 
portions of the sample and the lactose was determined by the combined 
Munson- Walker-Bertrand and by. the Benedict methods in, the usual 
manner with the following averaged results. 

^ Association o? Official Agricultural Chemists. oFFiaAL and tentativs methods of analysis. 
As cotopiled by the Committee on Revision of Methods. Revised to Nox^ember i, 1919. ' 417 p-. 18 %. 
vVashington, D.' C. 1920- Bibliographies at ends of chapters. 
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'Tabi^B 1,---Effed of uric acid on the determination of lactose hy the Munson-lValker- 

Bertrand and the Benedict methods 


PER CENT OF TACTOSE IN SEPARATED MIEK 


i 

Uric acid j 
added. 1 

Mnnson-Walker- 

Bertrand 

method. 

Benedict 

method. 

Gm. i 

4 - 145 

4 - 152 


4. 106 

4. 156 


4. 176 




4. 192 



I 

" 4 - 155 

«4. 154 

I o. OI 

4. 200 

4 - 157 

o 

H 

d 

4. 400 

4. 150 

o. 90 

! I. 00 

1 

S‘ 475 

4. 16 1 

4. 173 




*2 Average. 


It is readily seen from Table I that uric acid markedly affects the esti- 
mation of lactose by the combined Munson- Walker-Bertrand method. 
In fact, where i gm. of uric acid was added to a 25 cc. portion of sepa- 
rated milk it was impossible to carry out the test. That the Benedict 
method is unaffected by uric acid to any appreciable extent is also shown. 

In a second test about 1,200 gm. of combined excreta from four hens, 
fed on the standard cereal diet, were mixed thoroughly and four portions 
of 200 gm. each removed. To each of two portions, 25 gm. of lactose 
were added and the samples mixed. All four samples were then extracted 
in the same manner with four 300 cc. portions of hot water. Each 
extract was made up to 1,500 cc., mixed, and lactose determined in 
aliquot portions by both sugar methods in the manner in which they are 
used in urine analysis. The results have been averaged and summarized 
in Table II. Table II also contains the averaged results obtained when 
I and 2 gm. of lactose were added to excreta in a manner similar 
to that when 2,5 gm. were added. The reducing substances were deter- 
mined by the Benedict method only in these cases, however. 


Tabi/E 11.— Recovery of lactose added to excreta 


Total reducing substances calculated as lactose. 


Sample of 
lactose. 

Munson-Walker-Bertrand 

method. 

Benedict method. 


x. 

TI. 

I. 

n. 

Gni. 

Gtrt. 

Gm. 

Gm. 

Gm. 

0 1 

^•34 

o* 35 

0.03 

0. 04 

'25 1 

25.81 

26. 21 

24. 86 

25- E5 

I ! 

w 

(“) 

(®) 

I. 08 

' I. II 

2 

(“) 

! 2. 30 

2. 21 1 


a Not determined.. 
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These tests indicated that for the purpose of this investigation either 
method could be used with a fair degree of accuracy. Both methods 
were employed throughout and the technique used was the same as that 
recommended for each method when applied to urine analysis. In order 
to obtain additional data and also to serve as a check on the quantitative 
results, the phenyl-hydrazine test was uniformly applied to all extracts. 
The osazones were examined microscopically only. 


TablB III . — Summary of results on the utilization of lactose by the hen 



DIvSCUSSION 

The basal ration consisted of 30 gm. of a mixture of oats and cracked 
corn, morning and evening, and 30 gm. of moistened mash at noon. 
The mash consisted of equal parts by weight of wheat bran, flour _ mid- 
dlings, ground corn, ground oats, and tankage. The^ lactose fed during all 
the experiments was Merck’s U. S. P. lactose monohydrate which proved. 
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to be 99 per cent pure by both the Munson-Walker-Bertrand method 
and the Benedict method. It was fed with the mash at noon. The 
results are reported in grams of lactose excreted during the experiment. 
As would be expected from the fact that the determination of reducing 
sugars is affected by uric acid in the Munson- Walker-Bertrand method , 
while this acid does not affect, appreciably, tlie Benedict method, the 
results obtained by the latter method are, with few exceptions, much 
lower than those obtained by the former. On a comparative basis, 
however, the differences between experiments are as well showm by the 
one method as by the other. In the preparation of the osazones for the 
identification of individual sugars in the extracts the utmost care was 
taken, for this method of distinguishing between the sugars has never 
proved to be infallible in this laboratory , and especially was this found to 
be the case ^ with extracts such as those dealt with in this investigation. 
The purified free base was used since it was found to give more satis- 
factory results tlian the hydrochlorid. While the qualitative osazone 
tests were not quite as satisfactory as might be desired, they confirm 
very well the quantitative data. In general, they indicate that lactose 
does not appear in the excreta of hens until comparatively large amounts 
are fed, that the glucosazone usually is found whenever the lactosazone 
is present, and that glucose persists in the excreta for some time after the 
lactose has disappeared. 

In feeding lactose to hens it was immediately noticed that amounts 
exceeding 2 gm. daily caused diarrhea, a finding in agreement with that 
of Shaw (7) . In order to test the possibility of the diarrhea itself being 
the cause of an increase in the excretion of reducing substances, two 
experiments, in which diarrhea was caused by feeding Epsom salts 
(MgSO^. 7H3O) in the drinking water, were made. The results indi- 
cated clearly that the diarrhea was not the cause of the excretion of 
comparatively large amounts of reducing substances when lactose ex- 
ceeding 2 gm. was fed. 

The results of seven experiments, summarized in Table III, show that 
pure lactose when added to a cereal diet is utilized to a large extent by 
hens. All hens excreted more or less reducing substances when fed a 
normal cereal diet; this was, of course, expected. The amounts of re- 
ducing substances excreted by the four hens in three seven-day experi- 
ments on the lactose-free diet varied from 0.56 gm. (calculated as 
lactose) to i.6§ gm. by the Benedict method, as indicated in tlie follow- 
ing summary : 


Hen No. 

Experiment. 

Average. 

in. 

V. 

VII. 

I 

I- 34 

I. 40 
0. 60 
0. 72 

Gm. 

0. 56 

I- 33 

1. 68 

I. 05 

i 

!. . 

Gm. 

0. 70 

I- 26 

0. 98 
r. 61 

G m. 

0. 87 
I- 33 

1, 09 

I- 13 

2 

•3' 

4 , , V V. A . V , . , * 

Avetage. .■ 

I. 10 



I 

1 
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Since the method of extraction was always the same, that is, the number 
of extractions and the quantity and temperature of the water were exactly 
the same in all cases , it follows that the amounts of reducing substances 
excreted by each hen during the difiPerent weekly periods on the ordinary 
cereal diet were not constant. The average amount of reducing sub- 
stances excreted by each hen during seven days was, by the Benedict 
method, i.io gm., and by the Munson-Walker-Bertrand method, 2.70 
gm,, expressed as lactose. If, therefore, we use these average figures as 
representing the grams of reducing substances originating from the basal 
ration in the extract of any seven-day collection of excreta, the percent- 
ages of lactose absorbed, when varying quantities of lactose were fed, 
may be calculated as showm in Table IV. 


Table IV . — Percentage absorption of lactose 


Percentage of lactose absorbed when the following quantities were fed — 


Hen Xo. i 

i 

‘2 gm. 1 

1 

6 gm. 

iS gm. 1 

24 gm. 

Benedict i 
method. ; 

jMuuson- i 
Walker- 1 
Bertrand 
method. 

1 

1 Benedict ! 
method. ' 

i 

iMnnson* 
Walker- 
1 Bertrand 
method. 

i 1 

; i 

Benedict ! 
} method. 

Mii,nson.- 
Walker- 
Bertrand 
; method. 

■ 1 Munson- 
; Benedict 1 'Walker- 
1 method, i Bertrand 
method. 

I 

1 100 

i 

; lOO 

1 

90 

ICO 

85 

1 2^5 

; 97 98 


i lOO : 

i lOO 

100 

100 

83 

82 

83 i 77 

3 

1 100 

[, lOO 

100 

100 

84 

87 

i 90 i 86 

4 - : 

I .100 ! 

( lOO 

88 

1 

100 

63 

55 

. ■ 75 1 ' 73 


Table IV is self-explanatory; it shows that hens will utilize lactose 
up to 8 gm. daily fairly completely. Attempts to feed larger quantities 
failed because the hens would not voluntarily eat their mash when more 
than 8 gm. had been mixed with it. Even w^hen 8 gm. were fed daily it 
was necessary to force-feed much of the mash on the third day to all hens. 
This was probably due to the severe diarrhea caused by this quantity 
of lactose when fed in this form. Because of the severe diarrhea it was 
not considered wise to attempt" to feed larger amounts. 

The difficulties experienced in these experiments in inducing the' 
chickens to consume large quantities of pure lactose when mixed wiSi the 
feed, and the 'severe diarrhea always obtained when even 8 gm. a day 
were consumed, are in striking ' contrast ' to the experience of Plimmer 
and Rosedale (5) . These investigators fed a diet containing secwa (a dried 
whey preparation containing 74.5 per cent lactose) ■ to chickens from 
birth for a period exceeding four' months.- The amount of secwa in the 
diet was, usually 25 per cent but in some cases was, even higher. -The 
quantity of lactose consumed in this form' by each bird was as high as 
,22 gm. daily. Good gains were obtained and the health of the birds was 
excellent throughout the experiment. No reasonable ^explanation of 
these differences occurs to us. 
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vSUMMARY 

Lactose, up to 8 gm. per hen per day, was utilized fairly completely, 
thus making it evident that the lactose present in the quantity of whole 
milk, skim milk, whey, or buttermilk normally consumed (lOO to 200 cc.) 
by chickens would be completely absorbed. 

When lactose appears in the excreta, it is usually accompanied by 
glucose. 

Lactose when fed mixed with a moist mash acts as an irritant to the 
gastrointestinal mucosa. Chickens will not voluntarily consume more 
than about 8 gm. of lactose daily when fed in the form of pure lactose 
mixed with the feed. 
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THE OCCURRENCE OF LACTASE IN THE ALIMENTARY 

TRACT OF THE CHICKEN ^ 

By T. S. Hamilton and H. H. Mitchell, Divisioyi of Animal Nutrition , Illinois- 
Agricultural Experiment Station. 

INTRODUCTION 

In the experiments reported in the preceding paper (p. 597) it was found 
that lactose, fed to hens, does not appear in’ idie excreta in appreciable 
quantities until excessive amounts are administered — a finding thoroughly 
in agreement with our present knowledge of sugar-feeding in human 
beings. Since lactose is assimilated from the alimentar}?^ canal of chickens, 
and since assimilation of disaccharids is normally preceded by hydrolysis 
into monosaccharids, lactase would be expected to be present in some 
part of the alimentary tract. Ho-wever, the possibility of bacterial fermen- 
tation accounting for the disappearance of lactose must be considered. 

Previous investigations are not entirely in agreement in regard to the 
presence of lactase in the alimentary tract of the fowl. Portier {4 in 
1898, using the osazone method for the detection of monosaccharids 
formed by the action of the enzym extracts on a lactose solution, found 
no indication of lactase in the intestines of birds. This was confirmed a 
year later by the extensive investigations made by Weinland (< 5 ) who, 
using the polarimetric method, found no indication of lactase in the intes- 
tines of fowls. He states, however, that the enzym is produced in the 
intestines of fowls if they are fed on milk and lactose. Bieri and Portier 
(i), using the duck in their experiments, found in one case, on feeding 
lactose and milk, that the intestines produced lactase, but a second experi- 
ment failed to confirm the first. Plimmer {2 ) , in an extensive investigation 
on the subject of adaptation of the intestines to lactose, found that the 
intestines of fowls are naturally free of lactase and, furthermore, that 
lactase was not produced when lactose and milk were fed for long periods 
of time. Plimmer used Allihn’s reduction method for the estimation of 
the degree of hydrolysis of a lactose solution produced the enzym 
extracts. In a recent study on the distribution of enzyms' in tlie ali- 
mentary canal of the chicken, however, Plimmer and Rosedale (j) found 
lactase to be present in the crop, but absent in the proventriculiis and 
intestines. The presence of the enzym 'was determined, by incubating 
at 37® C. a 4 per cent lactose solution wdth portions of boiled and unboiled 
extracts of the various organs for two .days or more, removing the pro- 
teins, and determining ' the reducing sugars by reduction of Fehling's 
solution. The observed difference in reading between the boiled and. 
unboiled solutions indicated whether or not hydrolysis by lactase had 
occurred. In the present investi.gation a similar study has been made. 
This inquiry did not extend, however, to the detection of lactase in the 

1 Received for publication Jan. 36 , 2924. 

2 Reference is made by number (italic) to “Literature cited/” p. 608. 
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glandular structures in the door of the mouth nor to the gizzard^ the 
interior lining of which resembles parchment, making the presence of 
secretor}^ glands improbable. 


EXPERIMENTAL DATA 

The method of preparing the enzym solutions was in accordance with 
those usually employed. The chicken was killed either by dislocating 
the neck or by decapitation, and the alimentary canal immediately re- 
moved. The crop was cut open, ivashed out with water, and, after being 
cut into ’ small pieces, was ground in a mortar with sand and a little 
toluene to prevent putrefaction. The entire pancreas was ground in a 
similar manner with sand and toluene. The proventriculus and intestine 
were cut open, washed out wdth running water, and the mucous mem- 
branes scraped off and ground in a mortar with sand and toluene. 
The organs from three to six chickens were used in each of three ex- 
periments. In order to control more carefully the methods used in 
this investigation, the small intestines of five young rats were ex- 
amined in the same manner as were those of the chickens. The 
extracts in all cases were made by adding 75 to 125 cc. of water to 
the ground organs and allowing the mixture to stand at room temper- 
ature for one to three days, with occasional shaking. The mixture was 
then strained through cloth to remove the sand and larger pieceS' of the 
organs and the filtrate was made up to a definite volume, usually, 100 or 
150 cc. The presence of lactase in the extracts was determined by 
adding to exactly 50 cc. portions of 4 per cent lactose solution, 25 cc. 
of the iinheated extract in one case, and, as a control, 25 cc. of the 
boiled extract. Three cc. of toluene -were added to each flask and 
the flasks corked and incubated at 36® to 38'^ C. for two to six days. 
After the period of incubation, the contents of the flasks were examined 
for monosaccharids by means of Barfoed's copper acetate reagent. 
This test was made without previous precipitation of the proteins. 
The digested extracts w^ere carefully filtered and the clear filtrates used. 
The procedure adopted consisted in adding 2 cc. portions of the boiled 
and unboiled digested filtrates to 5-cc. portions of the, copper acetate re- 
agent and placing the resulting solutions in boiling* water for exactly 
five minutes. The test was considered negative if no reduction was 
apparent during the five minutes boiling or during the three minutes 
after remoA^^al from the w^ater bath. All tests were run in duplicate and 
the solutions containing the boiled and unboiled extracts were run side 
by side, at the same time and in exactly the same mamier. The results 
obtained are summarized in Table I. " , ' : ' 



Feb. S 3 , 19M 


Lactase in the Alimentary Tract of Chickens 


607 


Tabi^E I Distribution of lactase in the alimentary tract of ike chicken 



Number 

of 


B-arfoed’s test for monos^ccharids. 

Part ol.the aliineiitary tract used. 

chickens 

from 

which 

Number 

of 

esxperi- 

ment. 

Unboiled sample. 

Boiled sample. 

organs 

were 

com- 

posited. 

I, 

II. 

I. 

! ' ' ' 

' II. 

Crop - 

3 

I 

-f 

■+ 

_ 

_ 

Do 


2 

.. 1 

j_ 



Do i 

6 

3 i 

4-' 

4- 



Proveutriciiius i 

4 ! 

I 





Do ■ ; 

3 : 

2 


_ ; 


__ 

Do i 

6 i 

3 


(?) I 



Pancreas -■ 

4 ; 

I 

— 



— 

Do 

3 i 

2 

■ — 1 




Do ‘ 

6 

3 


_ 

— 

— 

Intestine • i 

4 1 

1 

(?) 

(?) : 



Do 

3 i 

2 1 


_ 

— 


Do i 

6 1 

3 


— 



Small intestines from five rats . 


^ 1 

i 

•h' 

-i- 

! 

~~ 

~ 


DISCUSSION 

Roaf (5) has shown that Barfoed’s copper acetate reagent can be used 
witii accuracy in testing the hydrolysis of disaccharids to monosaccharides 
by enzyms if a boiled control is run at the same time and in exactly the 
same manner as the unboiled solution. Preliminaiy experiments with 
this reagent and with two quantitative reduction methods, the Munson- 
Walker-Bertrand combination and the Allihn method, indicated that, 
the qualitative copper acetate reagent could be used most .accurately and 
advantageously with this type of solution. The chief disadvantages of 
any quantitative method lie in the fact that the difference in the reducing 
power of lactose and of hydrolyzed lactose is small. Slight errors in 
measurement of solutions might easily make consistent differences in the 
amount of reduction, which might indicate hydrolysis. ■ \\Tien the lactose 
is only partly hydrolyzed, the difference in reduction would be still less, 
and when the sugar solution is ver)?* dilute the results obtained by the 
quantitative reduction methods can not be considered satisfactory^ 
Examination of the table will show uniformly negative reductions in all 
lactose solutions containing the boiled enzym extract. This is a further 
check on the accuracy of the method, the absence of reduction in these 
tubes proving that any reduction taking place in the unboiled extract 
tubes was due only to the hydrolytic action of an enzym and not to any 
otlier treatment such as the reaction of the solutions or boiling. 

As shown by the table, the unboiled extracts of the crop show^ed an 
unquestionable reduction of the copper acetate reagent and, consequently, 
tlie presence of lactase. The unboiled extracts from neither the proven- 
triciilus, the pancreas, nor the intestines of the chickens gave .any signs 
of reduction, with the exception of -three -questionable results,, which are 
indicated in the.' table by question marks. These results were questioned 
because, while a very slight brownish coloration was obtained, it was not, 
sufficient to "be considered a positive test, and at the same time was 
different from the corresponding boiled extracts. 'Compared with the 
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amoimt of rediiction obtained in the case of the tmboikd extracts of the 
small intestiiies of young rats^ the unboiled crop extracts of chickens 
showed considerably less reduction. These results were an unexpected 
confirmation of the results of Plimmer and Rosedale (y)^ %rlio found 
lactase in the crop of chickens but in no other part of the alimentary 
tract. 

SUMMARY 

Lactase was found to be present in the crop but absent in the proven- 
triculus, the pancreas, and the intestines of normal chickens. 
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- the life history op the grape rootrot fungus 
roeseeria hypogaea thiJm. et pass.' 

By Angik M. Beckwith 

Junior Pathologist^ Ftmt-Disease Investigations, Bureau of Plant Industry, UniUd 

States Department of Agriculture 

^ INTRODUCTION 

The ftmgtis Roesleria hypogaea, associated ‘with a rootrot of grapes, has 
'long been known, especi^ly in the grape-growing regions of Etnope. ■ It 
'has not been de:toitely proved that this fungus is the primary cause of 
the rot, but there is no question that, once established, it contributes 
'largely toward the killing of the roots. Disagreement among mycolo- 
gists as to the identity of some well-known f ungus is often due to a lack 
-of knowledge of its life history. Confusion has more than once arisen 
because of an accidental similarity of fruit bodies or spores. A case in 
point is that of Roesleria and Pilacre. 

We are indebted to Brefeld (5^) for the beautiful illustrations of Pilacre 
peter sii B. & C., a fungus which he believed to represent a very^ primitive 
^ Basidiomycete. His figures of the fruiting bodies on bark show a 
"''**gieba'^ composed in part of short septate branches, each bearing a 
definite number of spores. Such a branch he considers a simple basidium. 
..Roesleria hypogaea Thiim. and Pass., an ascogenous fungus whose fruiting 
bodies have a strong superficial resemblance to those of ’P. petersii, is, 
on this account, most interesting. Calicium pallidum Pers., well known 
'to lichenologists, also has fruiting bodies similar in general appearance 
to those of Roesleria and P. peiersii. Since Rehm (27, p, sg6) con- 
siders Coniocybe pallida (Pers.) Fr. a synonym of P. hypogaea, and 
Bayliss-Elliott and Grove {8) suggest that P. hypogaea is rnttoky the 
ascogenous stage of P. peiersii^ and since Viala and Pacottet (55) report 
'Conidial and chlamydosporic forms of Roesleria in culture, it is not stir- 
■ prising that we find the greatest confusion of these names in the 
^ literature. The writer has had the opportunity recently to study 
P. hypogaea and P. peiersii in culture and has also compared them 
'^with specimens of the lichen, Coniocybe pallida, with the result that we 
' find that there is no basis for considering these fungi identical or 
genetically related. 

From a review of the literature it will be seen that the grape rootrot 
fungus* has been described under a number of different names and com- 
binations. The following list includes such as appear from original de- 
.scriptions and illustrations to refer to a Biscomycete' identical with 
Roesleria hypogaea of von Thiimen and Passerini. 

Pilacre suhterranea W Cm, 1832. {j6, p. 4^8,) 

Pilacre friesiiWem, (in Flora) 1832. (j6, p, 438.) Not. Wein. 1834, 

Onygena friesHWein. 1834. iS?* P- 4^3~4^4-) 

Vibrissea flavipes 'Rah, 1S32. {26, p. 286.) 

Sphincirina coremioides B. Sl Bx,' 1872. (2). 

Roeskria hypogaea Thmn. & Ross,' 1877. (32,) 


I ReC'Cived for publication Nov. 23, 1923. . ■ ■ 
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Vibrissea kypogaea (Tliiim. & Pass.) Rich, i88i. (28*) 

Coniocybe pilacriformis Rehm 1892. {20 ^ p- 5 ^') 

Roesleria pilacriformis (Rehm) Hetm. 1895. (16.) 

Pilacre pilacriformis (Rehtn) Bond. 1907. (4.) 

Pilacre pallida Boud. 1907. (4.) Not Calicium pallidum Pers. 1794 

{23, p. 20), nor P. pallida E. & E. 1900. (9, p, 59.) 

A lichen Calicium pallidum Pers. 1794 {23, p. 20), {Coniocybe pallida 
(Pers.) Fr. 1824 (ii, J, p, j), has also been confused with Roesleria hypo- 
gaea. The specific name “pallida” has been used frequently in combi- 
nation witii the generic name Roesleria {R. pallida (Pers.) Sacc. (jo, p. 
2pp) to refer to a fungus thought at the time to be one of^ the Stilbaceae 
but which is in reality Roesleria kypogaea. 

Another fungus, nonascogenous, commonly called Pilacre faginea^ or 
P. peiersii in Siis country, has been regarded erroneously by various 
authors as a conidial stage of Roesleria kypogaea. It appears to have 
been first described as Onygena faginea Fr. The s3monomy of this fungus 
so far as can be ascertained by a study of original descriptions and the 
literature is as follows : 

Onygena faginea Fr. 1818. (jo, p, 25.) 

Onygena decorticaia Schwein. 1822 {31, p^ 63.) Not Onygena decor- 
iicataVtm. i799* (^4*) 

Pkleogena faginea (Fr.) Link 1833. (a/, p. 3^6.) 

Pilacre friesti Wein. in Linnaea. 1834. ( 37 > P- 4-rj~4-^4*) (Not P. 

friesii Wein. in Flora 1832. {36, p, 4.58.) 

Botryochaete faginea (Fr.) Corda 1854. (7, pL 9, fig. 95.) 

Pitacre faginea (Fr.) B. & Br. 1850. (3, u. 5, p. 363, pi. ii, fig. 5.) 

Ecchyna faginea Fr. 1857. (15, p. 131.) 

Pilacre peiersii B. & C. 1859. (5, v. 3, p. 362.) 

Stilbum pilacriforme Rich. 1889. (29), not Coniocybe pilacriformis 

Rehm (20, p. 36). 

The grape rootrot fungus has been reported growing on the roots of 
various hosts such as Vitis, Malus, Pyrus, Cydonia, Prunus (almond and 
cherry), Salix, Tilia, Rosa, and Paliurus. 

From a resume of the literature, it would seem that the advocates of 
the parasitic nature of Roesleria as opposed to its saprophytic nature of 
growth are almost evenly divided. The following consider it parasitic : 
Lemonnier (19), d’ Arbois de Jubainville (j), Hennings (id), Jolicoeur 
(17, p. 2ig-224), Massee (22, p. 28g), and Bayliss-Elliott and Grove (8). 
Gillot (J4), von Thiimen (jj, p. 210-21 2), and Prillieux (25) believe it to 
be somewhat parasitic, wMle it is thought to be nonparasitic by Ber- 
keley (2), Cooke (d), Laurent {18)^ Viala and Pacottet (55), Hartig (15, 
p. 83), and Verge {34). The results of the writer’s experiments show 
that when ascospores are sown in wounds the fungus can establish itself 
in living roots. 

CULTURES 

Cultures were made on various media from ascospores from the fruiting 
bodies of Roesleria on apple roots (PI. i, A)- collected in New York City 
in October, 1920, by Br, DodgeP Plates of cleared corn-meal agar were 

'»B'0»ge, B. O. a ROox-iio^.,»iSEASE OF APPLE SEEI>LIN.GS. (ritle) In Amer. Assoc. Adv. Sci. Fro- 
' smm. \7r3t meeting, p., 33. ' ryiS. A auraber of French crab-apple seedlings, obtained throtigh a ntirsexy, 

, been :grown in pots for two years, then' set oat in the garden. During this time the plants had been ' 

moeulated with, the^p^ear-blight orgamsm, and had been attacked somewhat by wooly aphidsin the garden, 
Barly in Moyeinber in. 191 7 it was noticed that several of the-little trees were falling over, due to the fact that 
wear root systems had been destroyed by some rot, .By digging down in the soil a few inches, partially 
d^yed pieces of roots were found bearing numbers of ascocarps of Roesleria. The greenish mycelium of 
the fmgiiS' was discovered at Imst a foot beneath the surface of the ground. ' Fruiting bodies of the fungus 
w«e fcrtmd on roots of plaii.ts the remainder of the root systemscf which appeared to be perfectly healthy. 
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^inoculated on October iSj 1920, with ascospores from the fruiting heads. 
In two days nuinerous spores germinated. Gro\\ih. w>as slow, tlie germ 
tubes having reached a length of not more than 20/i. Viala and Pacottet 
(35) described fairly accurately' the method of germination, showing that 
a few spores became septate during germination but more of them were 
undivided. Single spores were m.arked in the plates, and when they had 
germinated eac|i spore was transferred to a tube of slanted corn-ineal 
agar. All of the miter’s cultures discussed in this paper were derived 
by transfer from, these single ascospore cultures. Eight single spore 
cultures were made and kept at room temperature until the mycelium 
had made good growth, and they w^ere then placed' in a refrigerator 
where the temperature averaged 10 to 12® C. This provided uniformly 
cool, moist and dark conditions for growth. 

CORN-MEAU AGAR CUUTURBS 

On tlie corn-meal agar the fungus grows slowly forming a thin layer of 
felty mycelium, white to buff at first, becoming green at the center, the 
green color gradually spreading over the surface. It becomes blackish 
green with age, sometimes taking on a grayish tinge. None of these first 
I;, transfers fruited, but later transfers were made to the same medium, 

' making in all 28, and at the end of five months stalked fruiting bodies 
were found on three cultures, one culture having three at the base of the 
agar. These were small and white or grayish white ascocarps with 
heads scarcely wider than the stalks. The heads contained asci and 
'paraphyses which were slender and extended out beyond the asci. 

OATmEAE paste- agar COUTURES 

Agar in which the nutrient medium is an oatmeal paste was found 
very satisfactory for the development of Roesleria. Forty-five transfers 
were made at different times from- single ascospore cultures to tubes of 
this 'medium; 37 of these were kept at least part of the time in the 
^ refrigerator at to 12° C. The mycelium spreads very slowly, forming 
■" a compact growth, cream or buff colored at first which becomes a bright 
malachite green, darkening with age. The growth is more felty, more 
luxuriant, and of a brighter, green than that on the com-meal agar. 
In from five to seven months ascocarps appeared in a large number of 
the tubes. They occuiTed singly or in groups of from 2 to 15 (PI. i, 
B, Fj 'G). The stalks were white to grayish wdth mouse-gray heads. 
These fruiting bodies, 4 to4--|- mm. X i mm. were somewhat, larger than 
those occurring in nature on the roots, the stalk being thicker and the 
heads lai-ger, 3 mm. wide in the largest ones. , - 

COUTURES ON APPUE ROOTS . . 

Transfers were made from each of the single-spore cultures to. auto- 
claved apple roots in large test tubes, with a few cubic centimeters ' of 
water in the bottom. These cultures were kept in the refrigerator at,. 
10 to 12^ C. 'The fungus grew^ well, covering' the rootS' with ,a felty 'or 
fl'uffy mycelium, white to buff at first, later becoming bright, malachite 
or , 'fluorite green (Ridgw- ay) 3 In ■from' .6 to 1 2 m,o,nths, ' when .the culture's ' 
'dried somewhat,- fruit bodies containing mature .asci^ appeared 

^Ridgway, Robert,“~Cox,OR standards and coi,o.r nombnci.axijee. 43, p.. ' col.' pi. Wash- 
'ingtou,*!), C. 29x2.' 
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singly or more often in groups (PL i, C, E)* As many ^ as 14 ascocarps 
developed in one group. The larger ascocarps developed to maturity/''^ 
but some of tbe smaller ones had not matured by the time the ciiltures^. 
dried. 

cuuturbs on rubus stkms 

Four similar tubes containing blackberry stems with a few leaves, 
were sterilized, inoculated, and treated in the same manner as previously 
described for apple roots. The mycelium which developed was light to • 
dull green and felty but less luxuriant than on the apple roots. The^' 
cultures fruited sparingly, one having several small ascocarps on the- 
midrib of a leaf, another with several fruiting in different stages of 
development at the base of the stem. Even the smallest ascocarps-" 
matured. 

CUnTURKS for comparison with thosb or viaoa and pacottbt 

In view of the fact that in the writer's cultures described above' 
ascocarps were developed without the fungus producing any intermediate- 
spore forms such as the conidia reported by Viala and Pacottet (j 5) , she 
has endeavored to grow the fungus in such a way as to duplicate as nearly as„„- 
possible the cultures described by them. . The writer's methods were as. 
follows: Two 2-liter flasks were filled to a depth of 6 or 7 cm. with -kid- 
ney-bean juice with ^ per cent tartaric acid and 5 per cent sugar added. 
(The fungus did not grow on media made with i per cent tartaric acid 
as specified by Viala and Pacottet.) These were steamed for three- 
successive days. They were inoculated with bits* of mycelium from 
single ascospore cultures- No. i was kept in the light at room temper-- 
ature averaging 20 to 25® C.,No. 2 ’was treated in the same way for five 
months, then put into a refrigerator with temperature at about 10 to 12® 
C. About a week after inoculation, one colony grew on the surface of 
each and within a day or two showed a greenish color. These, colonies 
soon appeared warty, raised at the edges, and depressed in the center,, 
^^which was yellowish green. Around the colonies the liquid was irides- 
cent, forming a film. A month or so later the colonies appeared heavy 
and fell to the bottom. In flask No', i the colony grew considerably and 
formed numerous rounded protuberances covered with whitish mycelium, 
giving them a fiu,ffy appearance. Some of the nodules were as large as 
I to iK in diameter. The main part of the colony was dark, with 
some brownish accretions or precipitate from the liquid. Several months 
later flask No. 2, which had- been in the 'refrigerator for some time, 
showed 12 or 15 immersed -colonies, while the other flask had only 3, 
or 4. Some had greenish to deep-green zones, w^hile one or two appeared 
deep green and warty only at the center. None of the colonies adhered 
to the glass, as was the -case in Viala and Pacottet’s cultures, but all 
remained separate and free in the liquid. They were subspherical or* 
hemispherical, but had no stalks such as they describe. Microscopically,., 
all showed mycelium with numerous rounded subliyaline swellings, often 
occurring singly or in rows of 3 or 4. The mycelium was' of a slightly 
yellowish or yellowish-brown tinge. Viala and Pacottet called these- 
bodies chlamydosporic fruits, and 'the rotmded swellings chlamydospores.- 
It is a, well-known fact that the mycelium of many species of - fungi which 
■ grow for a long time in culture becomes abnormal, and the, cdls beco'me 
misshapen so as -to resemble chiamydospores. Viala and 'Pacottet did,, 
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not show that they fimctioB as spores in any way. While the miter 
did not find these bodies quite so regularly developed in long chains as 
described by these authors, there can be no doubt that they are identical. 

One 2 -liter flask of kidney-bean Juice with 2 per cent agar and pieces 
of steamed grapevine added was autoclaved and inoculated with bits- 
of mycelium from a single-spore culture. In a few days compact round 
colonies buff in color appeared. These increased in size and when, about 
one-half inch in diameter were raised in the center, felty, and pale 
green with rim of white or buff. The green color deepened and brightened, 
and when the colonies were 5 cm. across they were deep gra}dsh green 
with wide white or cream colored margins. The colonies coalesced 
with distinct lines of demarkation. Soon concentric rings appeared 
with the centers glaucous, green, and felty. The other rings were in 
order, buff color and white, the newest growth being white. The whole 
growth was superficial, and no fruiting bodies of any kind were ever 
formed. 

Another ' 2 -liter flask of kidne5?-b€an juice containing 4 per cent agar 
with per cent tartaric acid and 5 per cent sugar with pieces of steamed 
grape vine added v/as inoculated in the same way as the other flasks. 
This medium had a jelly-like consistency. Seven or^ eight compact 
felty buff-colored colonies appeared in less than two weeks, one showing 
a faint greenish-brown tinge. Two or three weeks later the colonies 
were quite in'egular, felty, and greenish 3'ellow, with wide white or buff 
colored margins, which soon coalesced. No fruiting bodies or chlamy- 
dospores were formed on this medium. Viala and Pacottet report that 
their cultures on similar media produced conidia. 

INOCULATION OF GRAPE ROOTS 

A number of roots of grape were inoculated in April, 1921, by placing 
mycelium in wounds made on the roots or by spraying them with as- 
cosgores produced in culture. A number of fruiting bodies were found 
eight months later on certain roots which had been sprayed' with 
ascospores. These fruiting bodies were characteristic ascocarps, except 
that some of them had greenish stalks, and heads, while some were buff 
colored with cinder-gray heads. 'They produced asci and ascospores of 
the usual sort. 

DISCUSSION 

The results of the culture experiments show that ascocarps were 
formed on all the media in tube cultures after four or five months, 37 
cultures fruiting. None has been" found in the large flasks of kidney-bean 
media, but tliese cultures comprised a- much' larger bulk and remained' 
in a moist condition, and up to the time reported on w^ere not dried down, 
as were 'the test-tube ' cultures. ■ Ascocarps were developed abundantly' 
in cultures from single ascospores and without any intermediate, spore 
form such as PUacre petersii or other imperfect stage. The best medium 
for the production of' fruiting bodies was obtained by autoclaving ' apple 
roots in test tubes. These were large tubes giving a good supply' of' air, 
and when the culture medium had. dried' somewhat fruiting bodies formed 
in abundance. ' Rubus stems 'Used in .the same way proved much 'less 
satisfactory, while oatmeal-paste agar, was second "Only , to apple rO'Ots,' 
and these cultures could be. depended' on 'to produce numerous ascocarps. 
A cool, humid atmosphere, such as obtains in the ordinary refrigerator, 
was' apparently essential to the production of fruiting bodies. ■ ' At rO'Oni'; 
temperature in diffuse light only one' culture was found with, .ascocarps." 
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Viala and Pacottet (55) report that they had no success whatever in 
germinating: ascospores in culture. They used ascospores which germi- 
nated on heads developed from the old mycelium in roots kept several 
months in damp chambers. This method would open the way for 
contamination. The writer's cultures were all obtained from single 
ascospores germinated in Petri dishes and transferred each to a tube of 
nutrient agar; later cultures were obtained by transfer from these. 
Viaia and Pacottet found no difference in the color of the mycelium on 
the different media used, all having shown a malachite green. The 
witer found this green color fairly constant except on the kidney-bean 
media to which tartaric acid and sugar were added. In this medium 
a slight green color was observed in the early stages of growth, but for 
the most part a greenish-yellow color obtained, noticeable particularly 
on the solid medium and to some extent in the liquid medium. The only 
yellow color mentioned by Viala and Pacottet was in connection with 
what they thought were conidiophores, which they noted were white to 
yellowish in the early stages, and their chlamydosporic fruits” which 
were yellow when young. The conidiophores described by them in some 
of their older cultures have not been observed in the writer's cultures 
at any time, although some of them are more than two years old. As 
for the chlamydosporic fruits of Viala and Pacottet, structures with such 
appearances are often found in old cultures of fungi and have no sig- 
nificance. 

SUMMARY AND CONCLUSIONS 

Whether the name Pilacre should be applied to an ascomycete or not 
is impossible to say until the nature of Fries' specimen of P. weinmanni 
is known (12). Without such an investigation, just as pointed out by 
Bayliss-Elliott and Grove { 8 ), any attempt to settle definitely the question 
of priority with regard to the names which have been applied to the grape 
and apple rootrot fungus would be premature. 

The Roesleria of von Thiimen (ja) is an ascomycete which can be 
gi*OTO easily in culture from ascospore to ascospore. The spores are 
sometimes septate on germination, producing one or two germ tubes. 
This fact has led some to suggest that it belongs in the family Geoglos- 
saceae. A fine septate felty mycelium is formed, which both in culture 
and irequently on the roots shows a characteristic malachite green, 
Ascocarps are formed in culture in the refrigerator, where the dark, cool 
conditions simulate the natural soil conditions where ascocarps mature 
in the fall of the year. Notwithstanding the fact that ascocarps were 
frequently formed only after the agar had dried out considerably, this 
dryness is clearly not a necessary condition, because fruit bodies were 
formed sometimes on the ■ weft of hyphae floating on the water in the 
bottom of the test tul 3 es containing sterilized roots which were used 
instead of an agar medium (PI. i, D).. The strain from apple rootrot 
is evidently" the same as that found on grape, since inoculations of grape 
roots' with the strain from apple' have resulted in the formation , of 
similar ascocarps. 

In discussing the relationship between Pilacre and Roesleria, Bayliss- 
Elliott and Grove { 8 ) state : ' 

; Moreover it became, evident that it would do no -violence to the facts if it were cou- 
ciiided" that PUmte fagima'.osiA P, petersil wetSi 'also, identical with each other, .and 
t.hat both resemb!.ed the Roesleria so much in character as to make it seem not unlikely 
that 'Pilacre is' only a stage of Roesleria. 
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And later: 

The conclusion at wliich we have arrived is that Pilacre is a conidiopliorous fungus^ 
not in any sense a Basidiomycete, and that it is not in the rerhotest degree allied to the 
Aurictilaneae and Tremeliineae, but is a stage of the Discomycetous genus Roesieria.' 

This suggestion can no longer be entertained. , No conidial stage has 
ever appeared in the life cycle of Roesieria -udiicli the writer has grown 
to maturity many times in single ascospore cultures, Conidia are pro- 
duced freely in cultures of the Basidiomycete Pilacre peiersiL Roesieria 
is hypogaeous, developing large quantities of ascospores which can not 
be discharged into the air in any way comparable to that prevailing in 
most other Ascomycetes, the asci deliquesce allowing the spores to mass 
together in the head, which is at first covered ivith a peridium-like weft of 
h3^pliae. This is soon broken away by the crowding of the spores. 
Spore distribution is probably brought about by disturbances of the soil 
by insects, earthworms, or by cultivation. 

It has been pointed out that there are three distinct fungi having fruit 
bodies w-’^hich are more or less similar in appearance : One, a lichen grow- 
ing on bark, Calicimn {Coniocyhe) pallidum; another, a Discomycete grow- 
ing on roots, Roesieria hypogaea; and third, Pilacre peiersii, the primitive 
Basidiomycete of Brefeid. If Pilacre is an ascogenous genus, P, peiersii 
does not belong with it. Certainly R. hypogaea is not a lichen. There 
is no basis for considering either Coniocyhe pallida or Pilacre peiersii 
synonymous with Roesieria hypogaea. 
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PI.ATE 1 


A. — Ascocarps of Roesleria hypogaea, coUected October, ' 1920, on root of French 

crab seedling grown in the garden of Columbia University, New York City. The 
liter’s cultures were obtained from ascospores from this specimen. # 

B. — Culture of Roesleria on oatmeal paste in tube showing ascocarps, 10 months 
after inoculation. Natural size. 

C. — Apple root from tube culture showing numerous small ascocarps, 9 months 
■old. Slightly magnified. 

D. — ^Apple root in tube showing ascocarps produced on the hyphal weft formed on 
the water at the bottom. Culture scarcely 5 months old. Natural size. 

K.” -Apple root from tube culture showing a group of ascocarps somewhat older 
■(9 mourns). The ‘‘peridium” in each has broken away. X i-4- 

F. — Oatmeal paste agar culture removed from the tube showing groups of large 
ascocarps. Culture a year old. X 

G. — Oatmeal paste agar culture removed from the tube showing ascocarps on upper 
part of slant. Culture 5 months old. Natural size. 
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THE MOVEMENT OF WATER IN IRRIGATEB SOIES V 

By Cari. S. Sco2?ibi.b 

AgricuUurutf Office of Western Irrigation A grtculiure,. Bureau of Plant Industry ^ 
United States Department of Agriculture 

INTRODUCTION 

Irrigation is a relatively . new feature of agriculture in the United 
States. As yet there has not been time to accumulate a fund of experimce 
in irrigation to correspond to our knowledge of farming under conditions 
of ample rainfall. We are now practicing irrigation under a great variety 
of conditions as to climate, soil, and character of water supply, and are 
gaining experience rapidly. Large investments have been made in 
irrigation works and in the improvements and equipment on irrigated 
land. '. These investments include not only money but even in larger 
measure the labor of the farmer and home maker, which have baen 
applied in the belief that irrigation farming is no less permanent than 
farming under conditions of adequate rainfdl. The structures installed 
for the storage and diversion of irrigation water have been built to last for 
generations. It is clearly the expectation that the lands to be served by 
this water will continue to be productive as long as the works shall stand. 
Yet our own experience, which covers but little more than half a century, 
shows that there is a teal danger that some of our irrigated lands may 
become unproductive within a few yearn. The causes of this uncertainty 
as to the future are found in what is known as the alkali problem. 

The present paper deals with certain aspects of the alkali problem 
which as a whole relates to the soluble salts in the soil solution. These 
salts, which are derived from the processes of rock decomposition and 
soil formation everywhere, do not accumulate in the soil except in arid 
regions where the evaporation exceeds the rainfall. In regions of abundant 
rainf^ the soluble products of rock decomposition are continually 
leached away from the soil and carried to the sea. 

In 'attempting to present an account of the alkali problem in relation 
to irrigation farming it seems desirable to consider first the physical 
relations existing between the water and the soil. An understanding of 
'■"'these relations is essential to a comprehension... of the alkali problem. In 
''m irrigated field the soU acts .as a reservoir to hold water for the use of 
plants. As a res.ervon it has definite limits of capacity,, both as to the 
quantity of wato it may hold within .the zone, occupied by plant roots 
and as tO' the time required to' fill it with 'water. 'l%ese' limits and the 
factors wHch determine them need to. be understood as clearly as our 
knowledge permits, both by the farmer who operates the land and by 
the engineer who designs, and constructs the . irrigation works. 
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SOIL WATER 

In an irrigated field tiie soil water that is of chief concern to the farmer, 
is the water that exists in the surface layer of the soil from 4 to ^10 feet 
deep 5 depending on the character of the crop for which the field Is used. 
This surface layer of soil serves as a reservpir in which to store 'water from 
time to time by irrigation, so that it may be continuously available to 
the crop plants during the growing period.* ' 

The water that is put into this surface layer of soil may not all be used 
by plants. 'On the one h^nd, if the soil is saturated with water,' the roots 
of most crop plants do not function properly. If the roots have been 
establshed before the soil becomes saturated they may die below the 
'level, of saturation. If the soil is already saturated the roots do not 
penetrate the saturated zone. Consequently,; a soil may contain too 
much water to support the growth of crop plants. This condition is not ' 
uncommon in irrigated lands, -and 'such lands are referred to as “water- 
logged.*^ ... ' 

On the other hand, some of the water in the soil is not available to" 
plants because it is held so firmly,. by the soil that the plants can not use 
it. When the moisture content of the soil is so low that plants can not 
obtain from it, enough w^ater to .maintain their growth there still remains 
an appreciable quantity of water in the soil. It is customary to refer to 
the moisture condition of the soil at which plants can not obtam water 
for growth as the whiting point. It is only the winter that is in excess 
of the moisture content at the wilting point that is available to crops or 
that constitutes the available reservoir capacity of the soil. 

JThe upper limit of the reservoir capacity of the soil is a point well below 
tie sattnration point. This upper limit is commonly referred to as the 
niaximum field carrying capacity. The maximum field carrying capacity 
of' a soil is not susceptible of accurate determination because it is condi-' 
tioned by forces that are constantly changing. 

THE WATER-HOEBING CAPACITY OF SOIL 

It is generally assumed that the specific .gravity of soil material is 2.65', 
so that if we could conceive of a cubic foot of soil so compressed as not 
to contain, any, voids it would w^eigh' 1.65 pounds. As a m,atter' of .fact, 
as it occurs in the field, ^ soil is found generally to range in weight from, 75 
to 105 pounds per cubic foot, with' a few exceptional cases ,in; which,', it 
weighs less or more than the figures given. These figures refer to the 
dry weight , of the volume of soil. 

If we assume that the soil material has a specific gravity of 2.65,,' ,theii 
it is possible to compute the pore space in a volume of soil/ e. g., a cubic 
foot, ' when this volume has various , weights.- Thus if i, cubic foot of 
soil without pore space weighs 165' pounds and a cubic foot -of soil with' 
pore space weighs 85 pounds,,, then:. 

« 3:65 —85 

Pore space— — — — 4S.5 per ce,nt, 

or a cubic foot of dry soil which weighs 85 pounds, may be said.. -to, have 
51.5 per cent of its volume , occupied by soil .mate,rial and' 48.5 -per'caat, 
of its^ space existing as voids. If this void space were fillrf, '',with water,,, 
that is, if the soil were saturated, but -.without changing.rfie'Voluiiief.tJieii 

the soil would be said to hold 35.6 per cent of water, lliat is to say, if a 
cubic foot of mter weighs 62.4 pounds, the water which occupies 48.5 
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per cent of tliat cubic foot weighs 30.26 pounds. If the dry soil in this 
cubic foot weighs 85 pounds, then 100 pounds of soil tinder the same con- 
dition of saturation would hold 35.6 pounds of .water. 

In like manner it is possible to compute the pore space and the water- 
holding capacity in percentage of water to the dry weight of the soil for 
any given case where the volume mass of the dry soil is known. Table I 
shows these relationships for several different weights of soil, and these 
are presented graphically in figure i. 



TAsrE^ I . — Pore space in' dry soil of different weights per cubic foot based on ike specific 
gravity of 2.65 for the soil material and the moisture content if this pore space were filled 
with water 


: Weight of 
: dry soil per 

I cubic foot. 

Pore space. 

Water in 
! saturated 

1 soil. 

Water per 1 
foot of soiL« 1 

i 

Pm-nds, 

Per cent. 

Per cent. 

i 

Inches. .; 

70 

■57-6 

SI* 4 

; 6.9 , 1 

75 

54.6 

4 S *4 

; 6.5 ■ ! 

I 80 

Si-S 

40. 2 

6 . 2 1 

•i S 5 

48. 5 

35-6 

5-8 1 

I' 90 

45-5 

31-5 

5*5 1 

i. ■ 95 i 

42.4 

27.9 

5 - I i 

! ■ 100 i 

39-4 

24 6 

4*7 ■ i 

‘ 105 1 

36.4 

21. 6 

4. 4 . ; 

i no 

33-3 

18. 9 

4.0 I 

j, ■ .IIS '1 

30- 3 

■ 16. 4 , 1 

3.6 , 1 

1 120 1 

27.3 

■142, 

» . 3-3 I 

1 ^25 , ! 

24. 2 

12, I ^ 

'■ 2. 9 


a By this is xaeant the eauivalent, in inches in depth, of water contained in each, foot in depth' cjf soiJ, 

■ It is not always an easy matter ' to determine the volume 'mass , or the 
weight per cubic foot of the dry soil 'as' it* occurs -in 'field 'conditions; 'The 
soil in, the field is never entirely' dry, and it may lose volume as'' 'well ' as 
weight when dried after being taken from its position in th.e field. It is 
this property of the soil by which it tends to increase its volume when 
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wet and to stirink on 'drying tliat constitutes one of the chief difficulties 
in the way of a clear imderstanding' of its water'-hoHing capacity. Solis 
differ greatly with respect to changes in volume that take place when 
they are alternately wetted and dried. Pure sand does not " change its 
volume materially whether it is saturated with water or dry. Soil con- 
taining clay, .on the other hand/ swells extensively when wet and shrinks 
again when, dried. 

It is possible to demonstrate that a certain volume of pure sand retains 
its volume whether it is saturated mth water or dry. If its volume mass 
is determined when it is wet and again when it is dry it will be found that 
the difference In weight between the dry condition and the ' saturated 
condition is substantially the same as the weight of the water required 
to fill the computed pore space. The computed pore space may range 
from 34 to 28 per cent, depending upon the assortment of sizes of the 
particles and the pressure to which the wet material has been subjected. 
The percentage of water occupying 34 per cent of pore space is approxi- 
mately 19.5, while that occupying 28 per cent of pore space is about 14.6. 
Tlie water which occupies or fills the pore spaces between the soil parti- 
cles may be referred ' to as interstitial water. 

When' soil contains clay as well as particles of sand of assorted sizes 
its. reaction with water becomes strikingly different from the reaction 
of pure sand. The addition of water to soil that contains clay tends to 
increase the volume of the soil mass. Wffieti the soil is not subject to 
pressure the increase in volume when wet may be very great. In the 
case' of subsoil it is probable that the tendency to increase in volume on 
wetting' is met by the pressures that develop within the sod mass. '. The 
quantity' of water that may be absorbed by the soil some distance below 
the surface' is veiy” much less than the same soil will hold if' it is a£ the 
surface. 

These differences of water-holding capacity have' been demonstrated 
by a series of tests made at the Newlands E'Xperiment Farm by 
' F. 'B. Head'Iey. ® Samples of subsoil were taken with a . soil tube in places 
where .free underground water was found within 2 to 3 feet of the surface. 
The soil samples were taken from below the level of the ground water. 
The iii,Gisture' content was determined on the samples obtained with the 
soil tube, and tlie dried samples were then pulverized, sifted, and placed 
i,n metal cups of 20 cc. capacity having perforated bottoms. The soil 
in thC'Se cups was then saturate with , water and 'weighed to determine 
its water-holding' capacity in the absence ' of pressure. In texture the 
soil samples ranged. .from co.arse' .sand .to fine clay. , .For conven,ience in ' 
comparison . they .are ^.ainrangai in Table. II in groups with, .respect,, to 
texture. The results 'of these tests show that .there are. not only mmked' 
differences in .the water-holding capacity of .soils of, different texttir.es as 
they exist in' 'th^e lower ^palt of the root zo'^ne but , 'that the water-holding 
capacity of the sa.m€' SO,iI is .much , greater 'W'hen it .is .O'H the surface and 
freed from pressure th,,aii when ..it lies’''so.me''' distatice:,, below the surface 
and is subject to pressure. ' 


*■ Tbe* ejCDeiimsats were. during August, ' 1 ^ 23 ,, 
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Table II. — Water-holding capacity of soil of different types^ as found ai 2 to 4 feel below 
the surface iu the field a nd as determined in shallow peif orated cups in ike iaboraiory 


Samples and texture 0! s©iL 

i 

Average water-holding 
capacity (percentage 
of dry soil)-— 

Increase. 

Compara- 

tive 

In the 
field. 

In the 
laboratory. 


Increase. ^ 

No. 'Coarse sand 1 

18. 0 

25-4 

1 

7*4 

i 

1 Per emt, 

1 , 41 

No. 8 , fine sand i 

2 T. 5 

36,6 

15. I 

j 7 ^ 

No. 7, sandy loam j 

20.7 

41-5 

20. 8 , 

1 lOO' 

No. 4, clav ; . . . . j 

33 - 5 

; 78- 7 

45 * 2 

j 135 


a Reported by Headley from tbe Newlands Experiment Farm, 1923, 
b Stated as a percentage of the water-holding capacity of the sample in the heid. 


THE WATER-HOLDING CAPACITY OF vSUBSOIL 

Some observations ha\^ also been made at Huntley, Mont., which show 
the water content of the subsoil just below and just above the upper 
limit of free underground water.^ These were made in connection with 
the putting dotra of wells to be used for recording the fluctuations of the 
level of the underground water table during the irrigation season. In 
the early spring tvhen these wells were put down the upper limit of the 
saturated zone w^as encountered between 9 and 1 2 feet below the surface. 

The water content of the soil in the zone just below the level of the 
ground water is given in Table HI. This shows that the saturated 
subsoil contained approximately 25 percent of water. By reference to 
Table I, which shows the percentage of water in saturated soils of various 
densities, it will be seen that this Huntley subsoil may be assumed to have 
an average density of 99 pounds of dry soil per cubic foot. Thus, each 
cubic foot of the saturated subsoil contains 99 pounds of soil and 25 
pounds of water. This 25 pounds of water per cubic foot is equivalent 
in volume to 4.8 inches of water per square foot of area. 

In connection with the moisture determinations described above, tests 
were made of the moisture content of the subsoil just above the level 
of the ground water. These latter determinations were made on samples 
representing 6-inch layers, none of which was more than 2 feet above 
the point of saturation,' and most of them were within i foot above it. 
There were in all 80 moisture determinations on the soil just above the 
water line,: and these gave a mean of 24.8^0.25. This mean when com- 
pared with the mean of 25.4^0.2 for the 30 samples reported in Table 
III shows that there is very, little difference in the moisture content of 
the soil Just above and just below the level of the underground ’water. 

These results indicate that it takes very little change -in the' actual 
volume of the underground water to cause a marked .change in level. 
It would take only a small contribution of , percolating water from, abo.ve 
to cause the ground-water level ' to rise; conversely, the removal of a 
small volume of water by drainage would lower the ground-m^ater level. 
The volume relations involved in ■ raising or lowering the ground-water 
level *are probably different wdth .different soil types. Very little informa- 

* These observations were made at the writer’s request by Dan Hanseu, Superinteudeat of the'HtsttUey 
.Experimeiat Farm. 
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tion is available concemitig these relations. In the case of the soils at 
Huntley,' the figures reported would indicate that a change in water 
content of 0.6 per cent in the critical zone would change the water level 
I foot. 

Table III . — Moisture content of soil saturated with underground 'water ^ Huntley, 

Mont,, May, IQ2J 

Wei! No 


A2 .. 

A4> 

^7. 

Bi 

B2 

B3. 

B4 

m . ........ 

B7 

BS.. 

C4 , 

C;......... 

C8 

C9-. 

Cio 

Cii...... .. 

Me,aii 

« The lettare S and C rrfer to tke proiKrti'Oiis. of sand and day judged by observation. 

'An/ experiment ' in lowering the ground- water table by 
reported' from, 'the 'S River "Valley, Ariz., (7)'^, affords, a basis for 
estimating the quantity of water involved in a change of level of under- 
grO'Und waters. " In this experiment" a well was put' down 285 feet deep 
where ' the water t.ahle was 3 'feet- below the surface. W ater was pumped 
for 630 .hours during, a, period of 34 days, with a total discharge of 77.9 
acre-feet. ' 'Hie, 'm.aximuin., draw down at the' well w^as '73 
radius of measurable depression of the water table was 2, ,350 feet, while 
the radius of pronoune^ depression was 1,150 feet. It was computed 
that for the', inner area of 95 acr'es the"%rater table was lowered, 4.4 feet 
and for the outer area of 300 'acres' it was lowered 0.6 of a foot. '■ The 
removal of ,,77.9 acre-feet of water cleared 598 acre-feet of subsoff of itS' 


Depth. 

Texttire 
of soil.® 

Moistu,re. 

12. > i 

see . i 

Ptreertf. ■ 

24. 0 

13.0 

SSC I 

25. 6 

14. 0 

SSC 1 

24. s 

IS. s ^ 

SSC' 

- 25-3 

II. 0 ' 

SSC 

28. I 

II. 0 

sec 

27.4 

II. 0 ! 

SSC 

25. 1 

II- 5 ^ 

SSC 

i 24. 6 

10. 5 i 

SSC 

25. 7 

ir. 0 1 

SSC 

26. 0 

II, 0 

SSC 

23- 4 

II. 0 

see 

2^. 6 

II- 5 

see 

26. 

10. 5 

ss 

20. 6 

9 - S 1 

SSC 

, 2 'J. 0 

9 - 5 1 

SSC 

25.0 

10. 0 ! 

SSC 

24. 7 

10 - S 

ss 

■ 22 ., 3 

II. 0 

ss ^ 

', ';:2'2. 7 

. 10. 5. 

SSC 

„ ' 26. '4 

II, 0 

SSC 

' , 24.'6 

10. 0. 1 

SSC 

' ', 25 '* 4, 

10. 5 j 

ss 

1. ' 23*5 

II. 0 1 

,ss 

i , 23. 0 

-"".I ®' .5 ! 

SSC , ,' 

; 24. 1 

II., 0 ■ 

ss 

I 23 - I 

II . ,0 

ss 

i ' 26. I 

II. 5 

ss 

i 25.6 

1.0. 5 

SSC 

{ 27.6 

■■ 

see 

j 30* S 



1 " 

25. 4±o. 2 



1 



* ilrf«reatce is made by atwia'ber (italic) to " literature cited/' p. 692-69^’ 
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free water, wliicli is to say tliat the removal of i acre-foot of water 
changed 7.7 acre-feet of subsoil from a saturated to an unsaturated 
condition. In other words, the removal of 1.56 acre-inches of water 
lowered the water table i acre-foot. It is probably safe to assume that 
under the conditions of this experiment there was some inflow of water 
from the surroimding saturated subsoil that was not observed, so that 
the ratio 1:56 acre-inches per acre-foot is probably too high ra^er than 
too low. 

F. H. King ,(j2, p. 1 32-X34) has reported on the , water content of 
undisturbed field soils w'^hen saturated and when only the bottom inch of 
each. I “foot section was saturated. From his figures for soil from the 
third, fourth, and fifth foot sections, there was an average difference of 
0,4 of an inch less water in the soil when the bottom only was saturated 
than when the whole of the section was saturated. In another experiment 
King set up columns of soil 7 feet long which were first saturated and 
'then allowed to stand for 60 days with the bottom of the soil column 
in water and the top protected from evaporation. The columns were 
then cut into 6-inch sections and the water content of each section was 
determined. 

In the results reported by King for this experiment, if the top and 
bottom 6-inch sections be eliminated, it is found that the water content 
decreases fairly consistently from the lower to the upper sections. Where 
the soil used was classed as sandy loam the decrease in water content of 
each 6-mch section from below upward was at the rate of 0.6 per cent. 
With the soil classed as clay loam, the rate of decrease was slightly less 
than 0.5 per cent per section. ’ , ' 

These figures when converted into inches of water for each i-foot 
layer of soil give an average decrease of water of slightly more than 0.1 of 
an inch for the sandy and slightly less than 0.08 of an inch for the 
clay loam. 

It would appear from such evidence as is available that when con- 
sidering only the layer of subsoil immediately above the level of under- 
ground water, the addition of o. i of an inch of water would result in raising 
the ground- water level i foot. As a matter of fact, it would not be correct 
to conclude that the removal of a volume of water equal to o.i of an inch 
in depth would lower the underground water level as much, as i foot or 
that the addition of that quantity would raise it i foot for the reason that 
any change in water level would affect the moisture conditions for some 
distance above the water line. 

The extent of the change of moisture conditions of the subsoil conse- 
quent upon or necessary to produce a dflange of i foot in the ground-water 
level would be influenced materially by the texture and density of the soil 
material. It is probable that in some situations the addition or removal 
of, half, an inch of water might raise or lower the ground-water level i foot 
while in other situations it might require i}4 inches to cause, the same 
change. Speaking generally, it may be assumed that' the addition or 
removal of i inch of water may raise, or lower the ' ground-water level 
I foot. 
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CONDITIONS OF SOIL WATER 

It has been' customary to say that water may be contained in the soil 
in three different conditions which are designated as follows: 

(1) Hygroscopic water, or water that is held by the soil when ixi equilibrium with 
the air. 

(2) .Capillar}' water, or water that is held as liquid films around the soil particles in 
such a way as to exert no hydrostatic pressure; in other words, in equilibrium with the 
force of gravity, but not, in equilibrium with the air. 

(3) .Hydrostatic water, or water that exists in the soil, but subject to movement 
in. response to the force of gravity unless such movement is hindered by some barrier. 

While this classification is useful in connection' with the study of tlie 
physical properties of soils, it does not ser\^e so well in dealing with the 
relations between the soil and the crop plant. The soil may be^ regarded 
as a reservoir which is replenished with water from time to time by 
rainfall or by irrigation, from which there may be losses by percolation 
or evaporation and from which the plant draws its daily supply. The 
effective reservoir cepacity of the soil is limited on the one hand by 



£XP£:/?/M£A;r sdm,. p^?oss£R ^£xp£:mM£Arr m/c. 


I or ir/?7££ m so/i 

i£££cr£ /££/<S/!770M 

1 /mO€/A/T or H'/!T£ff 
TO SO/JL Sr /W/®«»77a^ 

.'Fjg,. a.— O'twntiiy of water Iield I>efore ani after irri;?atioii by two soils. 


the fact th.at most crop plants do not th.rive when the soil is saturated with, 
water so that air is excluded and on the other hand by the fact ■■ that 
plants can not absorb all of the water held in the soil. 

From, the standpoint of its use by crop .plants., , the,. soil .water may be 
da.sslfi€d a.s to condition as follows-: . 

(i) Subavailable water, or that portion of the "ml water whicli is held by the soil 
when plants can no longer obtain water for the normal processes' of growth. The 
pioisture content of the -»il which mpre'sents th'e up.per limit of the.subavailable supply 
i-3 often referred to as the wilting point of th'e soil.-,'- .. 

(a) Available w^ater, or.' th.at, portion. -of 'th.e 'water that is in excess of the sub- 
available supply and has. an. upper liniit’SMnewhat below the saturation point. 

^ ( 3 ) Supcravailable vp'ater, or- that portion of the soil water between - the saturation 
limit and the limit alx>ve which plant roots .do not function normally, presumably 
because of iaci of ait. 

The sois which one finds in irrigated fields, differ' so greatly from place 
to place that it is j.nipossibIe to indicate in .any precise way how much 
water any soil may 'hold, even were it possible to establish definitely 
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the limits of the classes of soil water listed above. The class' of water 
with which tlie irrigation farmer is chiefly concerned is the one designated 
available water. 

The quantity of this available water that may be added to a soil by 
an irrigation may be determined by sampling the soil to the depth of the 
root zone when the crop shows evidence of needing irrigation and sam- 
pling again to tlie same depth as soon as possible after irrigation. The 
increase in moisture content of the soil shows how much' available water 
has been added by irrigation. 

The' results of such an investigation with reference to two very different 
types of soil are shown in Table IV. The figures in the table give, ' in 
terms of, the percentage of water to the dry weight of the soil, a measure 
of the increase in the water supply of the 3 -foot layer of soil due to an 
irrigation. These percentage figures may be converted into their equiv- 
alents in terms of inches of water for each foot of soil and thus express 
the volume of winter in a more concrete way than the percentage state- 
ment does. The volume relations of the soil and the -water it contains 
are shown in figure 2, which is based on Table I\b In converting per- 
centages of water to inches of w^-ater it was assumed that the clay soil had 
a density of 85 pounds per cubic foot and the sandy soil a density of 82 
pounds per cubic foot. 

Table IV. — Ouauiity of u'aivr in the soil to the depth of 3 feet before and after irrigation 
at two locations on each of two kinds of soil 


■Quantity erf water expressed, as a percentage <rf the 
dry uveight of the soil. 


Depth. Newlands Experiment ! Prosser Experiment 

I Farm, clay soil. i Farm, sandy soil. 

; Location i. : Location s. | Location i. | Location 2. 


First foot: 

Before irrigation. • 14- 7 ' ■ ii. o i 3- 2 I 4. 5 

- After irrigation ; 22. 6 i 32* 5 ! 10. 8 i 15. 2 

Second foot: I .i | 

Before irrigation 21.4 ; rg. 6 | 5.4 5.3 

After irrigation. ■ 21. 4 ■ 31. 8 | 11. 8 19. o 

■Third foot: ' ^ ! 

Before irrigation . . . ' ' . . . . : 21. 4 : W* 7 ■' 4-2 5* 4 

After irrigation. ' 21. 4 i 23. 8 i 14. 9 ' , 12. 7 


■ In figure 2 each column of cubes represents a column ,of soil to the 
depth of 3 feet, each cube representing 1 foot of soil. The quantity of 
water in, each foot of soil before -irrigation is represented by, the, shaded 
portion of the cube, and the quantity of .water added 'by .irrigation is 
shown by the black portion. In the, first column, on the left,., the soil 
contained before Irrigation 9.4 inches of . water to., the :.dep,th' of 3 feet, 
the second column 7.9 inches, ■ the third ..column T.gi , inches, ■ and the 
.fourth contained 2.4 inches. , 

'..The soil represented ■ by. column . i in figure' 2., \¥as not',, in crop when 
the samples' were taken. It was ,a bare .spot In, a field of 'alfalfa ' where 
the' soil ' did not, take water readily. The irrigation which followed., the 
sampling added only 1.2 inches of water to. the soil and that increase was 
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limited to the surface foot. The soil represented by the second column 
m thC' figure was located in the same plat as that shown in column' i' 
and only 15 feet from it. In this location there was a good stand and 
a good growTh of alfalfa nearly ready to cut. The same irrigation' that 
■added 1.2 inches of water to the soil shown in column i added 6.5 inches 
of water to the soil shown in column 2. Both these soils were rich" in clay. 

The soils of columns 3 and 4 were of a sandy type and were taken 
from adjacent fields on the Prosser Experiment Farm, Wash. Both 
fields were carrying a good growth of alfalfa about ready to cut. ■ Irriga- 
tion added 3.9 inches of water to the soil shown in column 3 and 5 inches 
of water to the soil shown in column 4. 

It is' altogether ■ probable that when these soils were sampled before 
irrigation the available water supply in the first 3 feet had not been 
entirely exhausted. But the growth conditions were such that it was 
deemed advisable to irrigate. It is not always safe nor is it good 
farming to force the plants to use the last drop of available water. 

It is also probable that in the sandy soil of the Prosser Experiment 
Farm the roots of alfalfa extend below the third foot. Notwithstanding 
these reservations with respect to the- conditions which- these figures 
represent, they afford a -comparison as to the relative quantities of sub- 
available ' and available water in each location. This comparison is 
shown in Table V. , 

The results of a large number of observations covering a wide range 
of soil types indicate that the capacity of the irrigated soils for holding 
available water ranges from about 'i inch per foot up to 2 - inches per 
foot, or possibly a little more in exceptional cases. 

V .—Quanliim of water held m ilm first j feet of soil in four locations on two 
different types of soil 


I 

j Otiantity of water expressed in indies cf deptli. 


ClaKificatidd. of water. 

Newlands Experiment i 
Farm, day soil- 

Prosser Experiment 
Farm, sandy soil. 


Location i. ; Location 2 . j 

Location i. 

I location s. 

Subavailable : 

9. 4 i 7-9 

I. 2 1 6. 5 

1 

I 1. 0 

2. .1 

Available 

1 3-9 1 

5-0 

- i 


' '/THS: PEH'ETRATIOH O'F IRRIGATION WATER 

It is the aim in appl5ring irrigation- water to'moisten the soil' to the 
depth of several feet and In doing" so to store enough water in this layer 
,-of soil to '.ni'eet .the -needs of' the crop ' plan.ts for two or three weeks, or 
until the nexf iixigation. If tins ' mm is to be realized, it is essential tiiat 
the 'Water'" fKnetrate the-soQ readily, for it is -often .not practicable to 
keep water on &e .land more than, a' few hours at a time. 

%lim. irrigatiOT wato is applied to- -the land, . it paaetrates in part by 
flowing into such cracks in the soil as have tten formed 'by, shrinkage 
and in part by percolating into -the minute spaces between the soilparti- 
l^erethe soil conditions are .-favorable, most crop plants develop 
their roots to the depth of 4 or 5 feet and 'are thus able to use the water 
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that may be stored in that zone of -the soil by irrigation. It is often 
observed that certain irrigated lands do not take water readily and that 
after the stirface of the soil has been saturated for several hours or even 
for two or three days the water has not penetrated' downward into the 
subsoil. This condition is sometimes thought to be due to the existence 
of a hardpan or plowsole and that deeper penetration of water could be 
brought about by deeper plowing or subsoiling. It is possible, of course, 
to break up a dry soil with a plow, and immediately after this has been 
done irrigation water will flow downward and fill the spaces between the 
■clods.' But very often it is found that by the time of the next irrigation, 
th.e soil is nearly' as compact and impermeable as. it was .before It was 
plowed. 

While there are many places in irrigated, land where a subsurface 
hardpan occurs and prevents the downward movement of irrigation water, 
it is also true that some irrigated soils are naturally slow to take water, 
and this condition is quite independent of any sharply defined imper- 
meable layer. 

It is desirable to understand the facts in these cases, for the remedies 
are different in the different circumstances. If the penetration of water 
is retarded or^ prevented by a well-defined hardpan, such as is sometimes 
formed by limestone known as caliche, this condition may be remedied 
by shattering the hard layer by deep plowing or by blasting. On the 
other hand, if the difficulty is due to what is sometimes termed a colloi- 
dar' or ‘"puddled” condition of the soil, deep plowing or blasting is 
practically useless. The remedy lies in the direction of improving the 
physical condition of the soil. One who has not had actual experience 
with irrigation in districts where so-called ""hard soils” or "‘slick spots” 
occur does not appreciate how resistant to water such soils are. One 
tliinks of a dry soil as thirsting for water, but on these slick spots the 
water may stand for days and soak down only a few inches. 

THE RATE OF WATER PENETRATION 

It is possible, though somewhat difficult, to measure the rate at which 
irrigation water penetrates the soil under field conditions. This may be 
done .by taking a series of soil samples from time to time .after the irriga- 
tion water is applied. Such investigations have shown that in very 
permeable sandy soils the water may get down as far as 6 feet in 12 hours. 
Ordinarily the rate of penetration is much slower. Even in soils that are 
regarded as readily permeable it may take two or three days for the 
irrigation water to penetrate to the depth of 6 feet. 

The contrast in the rate .at which water may penetrate the dry soil may 
be illustrated by a very simple experiment. If dry pulverized soil is put 
into a glass tube and water poured on at the' upper end, the rate, at which, 
the water soaks downward may be observed. The ■ moist 'soil is much 
darker colored than the dry soil, .so that the advancing line of the ''pe,.iie- 
trating water may be plainly seen and its position m.ay be. recorded from, 
time to time by marks on the tube. 

The experiment here described illustrates a. method of .comp'aring the 
rate of .the, penetration of water- in two, soils, one of which 'takes water 
readily . while the 'other takes water slowly.'. Both soils :were''tak.ai 'from 
'the Newlands reclamation project near Fallon, Hev. Both would be 
classed aS' sandy loam. When dry and pulveri.zed they - resemble each 
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other so closely as to be almost indistinguishable, , In the present experi- 
ment these soils were pulverized and passed through a sieve having holes- 
2 mm. in diameter. The soil was then placed in glass tubes half an inch 
in diameter^and ,5 feet in length. The lower end of the tube was fitted 
with a perforated rubber stopper which was covered with a layer of 
absorbent cotton. As the soil was poured in, the tube was jarred in such 
a way as to make the soil settle firmly. The tubes were filled to the 4-foot 
mark and clamped to a stand in a vertical position. Distilled water was^ 
then poured into the top . of the tubes to the depth oi about 6 inches, and 
more was added from time to time, as needed. The perforated stoppers 
in the tubes permitted' the escape of air as it was displaced by the descend- 
ing water. , The line of demarcation between the wet and dry soil was 
very sharp'. . 

Table VI shows, the rate of penetration of the water into the soil in the 
two tubes. In the tube containing soil No. K82 the water penetrated to 
the depth of 33 inches in three hours, while with soil No. 337 the water' 
had gone down' less than 4 inches at tlie end of the first three hours. In 
this tube, No, 337, a constant supply of wnter was kept on the soil for 
more than a year and the depth of penetration was recorded from time 
to time. At the expiration of . '14 months the water had soaked down to 
the bottom of the soil column, or 48 inches. 

Table Vl.'—Peueiraiion of wator in two saniph!(' of dry piflverized soil in glass tubes 

Depth o! penetration (indies). 

Time elapsed. : i ' ' 

■Soil No. XSa.f Soil No. 337. | 

I. flour. . , . 

2 hours. . . , 

5 houis. , . 

4 hours. . . 

5 hours. 

6 hours, 

I day ..... 

10 days. . 

,30 'days. , . 

6 q days. . . 
go days.. . . 

120 days. . 

'i'50' days. . 

12 'SlOHths 
14 montlis 


Toward the end of this experiment it became difficult to determine 
the^ limit of penetration accurately. Instead of a sharp line of demar- 
cation betwcCT the wet soil and the dry, there was a gradual transition 
of color. Evidently the pmietration of water was retarded by conditions 
in the mass of moist soil in the upper part of the tube rather than by 
any definitely impermeable area below. It was observed also that the 
rate of ^netration of tlie water declined rather uniformly as time went 
on. This has been noted also in other similar experiments. 

The outstanding feature of this experiment is that with these two 
soils, closely similar in physical texture, there is a very great difference 
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in permeability to ' water. Such differences are a matter of. common 
observation in the field in irrigated areas and constitute one of the most 
important distinctions in irrigated soil. The importance , of this matter 
of permeability to water lies in the fact that to function properly In the 
support of crop plants the soil must act as a reservoir for the storage of 
water from one irrigation to the ' next. If the soil is not permeable to 
water' and does not readily absorb water when irrigated, it does 'not 
function well in its capacity as a resertmir. 

There is another aspect of the case' that is also important. Some, 
'irrigated soils contain soluble salts, commonly known as alkali, in such 
quantities that the soil solution is so concentrated as to be toxic to crop 
plants. When conditions are such that the irrigation wnter penetrates 
the soil readily and passes away in the underground drainage, it is not 
di'fficiilt to leach O'ut the excess of soluble salt' and thus to reclaim the 
alkali land. But ivhen the soil is not readily permeable to wnter, such 
reclamation becomes difficult or impossible. If conditions are such 
that the irrigation w’ater soaks down only a foot or two into the ' soil, it 
does not carry the salts awny. Instead o'f doing so it evaporates, Iea\ing 
in the soil not only the salt originally there but also any ' additional salt 
'W'hich is carried in solution by the irrigation wnter. 

In view" of these facts, it' is clear that a soil to be used successfully for 
the production of crops under irrigation must be readily penoi.eabie to 
water, not only that it may serve as a suitable reseiwnir to hold water 
for the use of plants but also that any excess of soluble salts may be 
leached away. 

MEASURING T'HE RATE OF WATER PENETRATION 

It is not to be supposed that the .rate of wnter penetration in , dry 
pulverized soil in glass tubes in the laboratory is the same as the rate of 
penetration of irrigation water in the field. There is, ■ however, reason' 
for believing that the differences in the rate of penetration for different 
soils as shown in laboratory tests are to be found also in the field and 
that these differences are in the same direction and substantially of the 
same degree. Numerous , comparisons have been made in the laboratory 
between soils from different fields and different irrigated regions, and 
these results appear to accord ver^" well with field experience. This 
field experience show"S clearly that the rate of water penetration varies 
-greatly even in different parts of the same field.' , An example of this 
variation is shown in figure 2 and in Table IV., 

In making the laboratory tests of water penetration as described above 
there are certain factors that make for a lack of finiformity. Even, when 
portions of , the same soil; sample are used in different tubes, there are 
likely to be differences i,n the degree of .fineness of, the material ,,us€d and 
.differences .in the way 'the material settles together in the , tube,. ' ' Table' 
VII, shows' the differences,, observed, -in the rate ,of ' water, penetration in 
5 .tubes, that 'were filled from 'the same sample of soil, and given the 'same 
quantity , of , water. ' These results, ■show that the differences in rate of 
penetration are relatively slight, when, -.compared with'- those, -'shown by 
,, different soils "even 'of closely similar textures, , as shown' , in' Table' VI. ' ■■ 
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TablB VII . — Peneimiion of water in each of five hibes coniainhig soil from the same 

sample 


Depth d penetration (inches). 



Tube I. 

jXube 2. 

jTube 3- 

i 

Tube 4. 

iTube 5* ’ 

Mean. 

1 hour., 

■ "•••i 3-7 

1 

4.3 

i 

j 4. 2 

3*. 9 

1 4.5 

4. I 

2 hours 

4.6 

i 5 *^ 

1 5 * ^ 

4. 6 

i 5* 4 

5.0 

3 hours. . , . 

5-0 

1 5.6 

1 S‘ 5 

5-0 

1 5*9 : 

' 5*4 

4 hoars . 

- 5-4 

.1 6. 0 

1 >9 

1 5*4 

; 6. 3 ; 

: ss 

5 hours. . 

■ ' >9 

! 6. 6 

1 6.5 

5 * 7 

; 6. 8 ! 

6.3 

24 hours 


1 12. 2 

1 II. 9 1 

10. 2 

i 12. 2 I 

II. 6 


Amother example of the differences obsert'ed in the rate ofj water 
penetration in different soils is shown in figure 3. ■ This figure [shows 
diagrammatically the depth of water penetration in glass tubes contain- 
ing pulverized dry soil under a fairly constant head of 3 to 4 inches of 
water. The figures in this diagram' show that there are very ^eat 
differences in the rate of penetration of water in different soils. ' It is to 



Pio. — Tubes showing rates d moistTire penetration in different soils. 


te expected that the texture of the soil has an important bearing on the 
rate of water penetration. This is shown by the more rapid penetration 
in the sandy soil (No. 324) and the loam soil (No. 325) than in the day 
soils of the other tubes., 

, .It is not to be inferred, however, that soil texture is the only factor 
or that it is even the most important factor influencing the rate of water 
penetration. It, has been shown in Table VI that, two sandy loam soils 
which axe indistinguishable , as to texture show very great differences,., in 
the rate of water penetration. Similar 'differences are shown in the base 
of a day soil from 'the Belle Fourche redamation project in South Dakota. 
This, .Belle Fourche, soil is very rich in day, having been derived from,, 
the weathering ,of Pierre shale.. The four 'samples shown In Table VIII 
are 'aS from 3 ie same locality and of Substantially the same texture. 
One of them (No,. 3,38) was taken from a spot which had been subjected to, 
the action of seepage 'water rich,, in' aik,dine salts. The ■ other ' samples 
were from places that, had been watered only by rainfall or irrigated with 
water in which the proportion of alkaline salts was, low as' compared with 
the salts of calcium and magnesium. 
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It , will be' seen from .tbe table that the rate of water penetration, was 
six to eight times as fast in the samples that had not been subjected to the 
action of tlie alkaline salts as it was in the other sample. The penetration, 
rate on , these unaffected clay soils is at first nearly twice as great as 
that of the sandy loam soil (No. 337) shown in Table VI. ■ Ftirthermore, 
the penetration rate was better sustained in the clay soil than in the 
slowly per,meable sandy loam, as is shown by the depth of water penetra- 
tion in 30 days. 

The results of the laboratory experiments with dry pulverized soils in 
glass tubes afford a means of stating in definite terms what is continually 
to be obsen^ed in the field. They serve to establish two facts which have 
long been known to irrigation farmers: (i) That some soils absorb 
water readily while others do not; and (2) that the rate of water absorp- 
tion is affected by factors other than the texture of ' the soil. 

ABt% VllI .-—Pmetraiiofi of water in each of four samples of heam clay soil from the 
Belle Fourche project in South Dakota 


I hour. 
6 hours 

1 day.. 

2 days. 
4 days. 
6' days. 

10 days. 
30 days. 


Time elapsed. 


, Bepth of penetration (inches). 


Soil No. 338. : Soil No. 339. j Soil No. 340. i Soil No. 341. 


o. 8 
i ‘5 

2 - 3 

2.8 

3 - 5 

3.8 


4.2 

9. 7 

17.8 
22. 2 

26.8 
30.2 
34.6 
42. 1, 


3*4 

7.6 

3 ^ 4-3 

x8.S 

22. 

.25.,8 

37-4 


3-7 

8.2 

15-3 

19-3 

23*2 
26.0 
29. d 
38. 2 


THE PERCOLATION ■ OF IRRIGATION WATER 

In, the ' preceding pages reference has been made to the penetration of 
water' into pulverized dry soil. Another situation which has to be dealt 
with in irrigation practice is the movement of water through a soil 
already saturated or nearly so,. This movement of -water through a 
satnrat&d soil is here designated as percolation.. The ' justification for 
making a distinction in the present use of these two terms is merely one 
of convenience. The movement, of water into a dry soil may be held to 
be percolation as' truly as the movement of water through saturated soil,. 
In the first case, the moving water partially or completely displace air, 
and in the second case it displaces- the water already present. ■ ^ 

It "is a matter of convemence, however, to distinguish the, two. condi- 
tions, by specific terms. In the application of irrigation water to - a-' field 
the purpose ordinarily is to restock the soil reservoir with wate ior the 
use of 'crop plants, . In this process the di,ief concern is that the water 
applied to the surface of the field shall enter the soil pro-mptiy - and be 
held -within the root zone , for subsequent use by crop; plants. 

There are situations which occur not infrequently, in irrigated' lands 
where ^ the mov^ent' of water' through , a saturated soil ,■ has' ' to ' 'be' con- 
sidered as '.a 'Special problem,, and the factors which influence this move- 
m«it""need To. be unders.tood. When the' 'water that is held in the. soil:' 
contains "' SO, much - dissolved salt as to be injurious - to ■ plant growth', it' 
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to displace it by applying fresh water to the sutface 
of the soil. This process, which is knowh as leaching, is commoSv 
rewrted to m the reclamation of saline soils. * ^ 

The reclamation of saline soils by leaching is possible where the fresh 
water applied on the surface can percolate readily into the soil and where it 
IS ^ssible for the salty water already present in 4e soil to move doTOwJrd 
laterally to dramage channels. It is, consequently 
a matter of importance to understand the conditions that influence 

“ ' the percolation of water 

througli the soil in deal- 
ing with the problem of 
reclaiming saline soils. 

Ontheotherhand, one 
of jite ways that irriga- 
ted soils become saline is 
^ongh the percolation 
into them of salt-bear- 
ing water. The evapora- 
tion of such water from 
the soil leaves the salt 
behind to be redissolved 
in succeeding waters. In 
order to understand the 
conditions that influ- 
ence the rate of move- 
ment of percolating 
waters through the soil, 
it is necessary to be able 
to measure the rate of 
movement. This meas- 
urement of the move- 
ment of percolatittg wa- 
to under field condi- 
tions is not less diflScult 
than measuring the rate 
of the penetration of wa- 
ter into the dry soil, 

A simple case of the 
movement of water 
through a moist or satu- 
rated soil may be de- 
scribed as an example of 
percolation. Tet it be 
assumed that an irri- 
gated field has an under- 
ground water table not 
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This may be done by means of chemical analyses of the two waters. 
By this means the quantity and character of the substances dissolved, in 
the water may be determined and the identity of the water may be es- 
tablished. ' , 

While it is possible by the means indicated above to demonstrate that 
the percolation of irrigation water proceeds by displacement, it is not a 
simple matter to determine the rate of this displacement under field con- 
ditions. The rate of displacement differs greatly in different parts of the 
same field because of differences in the texture or structure of the soil, and 
there is. also sorge mixture of the water and some diffusion of . the dis- 
solved .material from each water to the other. 

Something as to factors that infiuence the percolation of water through 
the soil may be learned in the laboratory by the use of the simple device 
illustrated in figure 4. This consists of a glass pot with a small hole 
drilled through the bottom to provide drainage. The pot shown in the 
figure is 33^ inches across the top and 4^2 inches high. It will hold con- 
veniently 300 gm. of soil, leaving space for as much as loo cc. of water 
at the top. The loss of soil through the drainage hole may be prevented 
by placing a small filter paper in the bottom of the pot before putting i,a 
the soil. The leaching pot may be set into an ordinary drinking glass to 
collect the percolate and nmy be covered with a Petri dish to prevent 
evaporation from the moist soil. 

This apparatus is useful not only for measuring the percolation rate of 
soils but for investigating the changes that take place in the character 
of the soil solution during the process of leaching. It is possible also ^th 
this apparatus to determine the relative water-holding capacities of 
different soils,: though the water-holding capacity shown in this way is 
usually much higher than that showm by the same' soil under field 
conditions. ’ . ■ . ■ 

The percolation rate i,n cubic centimeters per minute as determined 
in the laboratory by means of the apparatus described above using several 
different types of soil was as follows: Soil sample No. 326, 0.049 ; No-. 338, 

0. 100; No. 325,; 0.273; No. 324, 0.353; No. 340, 0.506; No. K82, 0.560; 
No. 339, 0.701 ; No. K90, 2.X09. 

The rates of percolation given represent the mean of several observa- 
tio,iis. A quantitative expression, of the percolation rate with two dif- 
ferent soils is shown in figure 5. 

With soil No. 324, which showed', a percolation rate 'of 0.353 cc. per 
minute, the discharge for 12 hours would be 254 cc. With soil 'N0.326, 
'having a percolation rate of 0.049 cc. per minute, the' discharge in 12. 
hours would be only 35.6 cc.; A comparison of the percolation, .rates 
shown by these two soils with .the rate of water penetration shown: by the 
same soils in figure 3 would' indicate that the factors that infiueace the 
movement of water' into a. dry soil tend also to infiuence :in, the same way 
the 'movement of water through , a saturated soil. ■ 

■' FACTORS I.NFhUE.NCING' THE- PERCOLAT.I,'OM ' , RATH,,,, , ; 

,It'"caii' not be,'doubted' that such factors' as the texture ''of': the.', soM and. 

1, ts structure^, have a large ..part, in determining, ^the rate.'Of /,percol,ation.. 
,;In fact," if the 'm.eaning of the:' term- '^^structure'''^ is made ' broad enough it' 

As berc iised tlie.fjtaase “texture d 'tire seal”' ref to tire compositiem, of as determined fey 

,,.'aia 3 iysls or to the sia» of the jrartidcs ccraposing ,it. , The “structare”' refers to the 
anratti,gcn3ieiit A the s«l particles ra, relatiOT to .each as .ra,the f.ocTii.a!tlon d. granules or erf !,a,rger 

'ag,gregates and in the 'd.eYelop.ni€,iit 'oC shrinkage cracks 'Ou dryin'g. 

,', 819 ,§ 0 '— ' 24 — 2 '"' 
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might icdude most of the factors that infinence percolation rate. The 
relationship of soil texture to water percolation is too obvious to require 
much elaboration. "^Tien the soil is composed chiefly of large particles 
the interstitial spaces are correspondingly large and free raovenient of 
water is possible. WTien the soil is composed largely of small particles, 
the interstitial spaces are much smaller and the movement of water is 
'consequently retarded. The water relations of the soil may be more 
easily explained and understood by recognizing, three main classes of 
soil material: (i) Sand, (2) clay, and (3) soluble salts. ' 

The class designated as sand may be taken to include all material of 
whatever size that is crystalline and nearly or quite insoluble in water. 
The class designated as clay includes the noncrystalline material, also 
nearly or quite insoluble in water but differing from the sand in that it 
is very much more finely divided. The soluble salts are mostly crystal- 
lized when dry and dissolved or dissociated when wet. In tliis classifi- 
cation of the soil material the matter of the size of the particles is not 
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emphasized. The crystals, particles, or aggregates may be larger or 
distinctions are made on the basis of the reactions with,, 

water.'''' 

'.With, respect to these reactions with water, the material classed as 
.sand iS' regarded as nearly or quite, inert. The clay is definitely reactive 
in. that, .though not soluble, in water .certain of its .constituents may enter 
into reactions' with substances dissolved in the, water. The ■ soluble.' saltS' 
ap'iiiore completely reactive than the'clay. They pass into solution and 
■ dissociate. : They move freely with the, movement of water in the' soil 
,aiid even ,move somewhat by diffusion independently , of the movement 
of the water. ,, , •■ . 

Of the three classes, of ' soil: material just described, the clay , 'exercises 
the most important influence.'on ''the 'movement of w’^ater through the 'Soil. 
The extmt and character of this influence varies greatly, depending upon' 
the physical properties of the' clay rather, than' upon the quantity, in pro- 
portion to the total soil mass. The physical properties 'of "the clay are 
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in turn largely influenced by its chemical composition, and its chemical 
composition is, largely influenced by the character' of the salts ■ dissolved 
in the soil solution. 

Thus it is possible to modify very greatly the rate of water movement 
through the soil under a given set of conditions by changing the character 
of the salts dissolved in the soil solution. There is abundant e^ddence 
bearing on this point which is well known to all investigators' of irrigated 
soils and to many practical irrigators (d, 16), 

The crux of the matter appears to be that clay in the presence of water 
containing dissolved salts participates in chemical reactions by: which' 
exchanges may take place between certain elements combined with the 
clay and other elements dissolved or dissociated in the water. As a 
result of these exchange reactions the chemical composition of the clay 
is altered and in consequence its physical properties also. It is to be 
noted that the changes in the physical properties of the clay appear to 
be disproportionately large as compared with the changes in chemical 
composition resulting from these exchange reactions. 

The manifestation of the changes, that may take place in the physical 
properties of clay, are not confined to its effect on the movement of water 
through it. It is shown also in the behavior of the soil on drying and in 
that complex of properties known as plasticity. 

From the above observations it seems safe to conclude tliat the most 
important factor influencing the rate of percolation in soil is to be found 
in the clay portion and also that the percolation rate is determined by 
the physical condition of the clay rather than by its relative quantity in 
in the , soil. 

THE SOIb vSObUTIOM 

It will be apparent from the 'foregoing statements that the movement, 
of water into or through the soil of an irrigated field is largely influenced 
by the character of the material in solution In that water. This relation- 
ship between the character of the salts in the soil solution and the permea- 
bility of the soil is an aspect of the so-called alkali problem that has not 
been extensively investigated. By far the larger part of the investigations 
concerning alkali , troubles have been concerned with the realtionships 
between crop plants and the soil solution. 

It is fairly well rec^gni2ed that when the quantity of dissolved material 
in the soil solu'tion becomes excessive, crop plants are injured. There is 
no definite agreement as to what proportions of dissolved m,ateri,al in tlie 
soil solution are ■ to be regarded as excessive. In fact, it has be,en so 
difficult as to be almost impossible to determine what may be caHed the 
critical concentrations of s^fe in the soil solution. ' Numerous investiga- 
tions have been made to determine the toxic limit of solutions, with plants 
grown in water' cultures, but the .translation of these results'into terms, of 
the concentration of the sol! solution has.' not been satisfactory. 

.'The 'direct determination of the quantity or of the character of the'-ma- 
'teriaJ" dissolved in^ the soil solution is .rendered difficult by the fact' that 
it has not' been practicable to obtain 'samples of this solution as it exists 
i'H the soil un'.der, such .conditions ’as''m'akeit available to the plant roots. 
In other ''words, -'it' 'is .,,vet7 difficult to extract water from the soil when the 
'rfater content is ' no higher than"' what '"'may'', be- regard^ed' as' optimum" for' 
plant growth. ■ 
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In ordinary ' investigatiQnal work where the salt content of the^ soil 
soltiEoB is the siibjectj it is customary to treat a sample of the soil with a 
large quantity of water and then filter off a part of the water for examina- 
tion. Some investigators use 5 parts hy weight of water to i part of soil. 
Others use 10 parts of water and still others use 20 parts of' water to i part 
of soil. There are also some differences of methods as to the length of 
time the water is left in contact with the soil samples and as" to the extent 
to which the mixture of soil and water is agitated. 

. It is .assumed that the quantity of water used is adequate to dissolve all 
of ; the readily soluble materia! in the soil. ' An examination of "an aliquot 
part of the water used in treating the soil sample is then made, and the ' 
result of this e,xamination multiplied by the appropriate factor gives the 
quantities of the dissolved materials in terms of the dry weight of the soil 
Thus the salt content of irrigated soils is usually given in terms of 
percentage of the dry soil rather than as a percentage of the soil solution. 
It is obviously not practicable to attempt to state the salt content in 
terms of the soil solution, for two reasons: (i) Because the quantity of 
the soil solution and consequently its concentration changed from day to 
day as water is lost by evaporation or added by rainfall or irrigation, and' 
(2) because there is reason for believing that the quantity of material in 
solution is affected by the quantity of water present. It is largely because 
of this second reason that investigators hesitate to express the results of 
their soil analyses in terms of concentration of the soil solution, even 
when the m^ater content of the soil has been determined. 

A single example will serue to show the range in concentration of the 
soil solution if it is assumed that the salt content of the soil is all dissolved 
in' the soil solution. Where the salt content of the soil is 0.5 per cent 
and the moisture content is 25 per cent it might be assumed that the salt 
content of tlie soil solution would be 2 per cent. 'On the other hand, if 
the salt content is 0.5 per cent and the moisture' content, is 10 per cent 
then the salt content of the soil solution would be 5 per cent. 

' It is the consensus of opinion among investigators that the .rootS' of 
ordiii,ary crop plants can not tolerate concentrations of mixed salts in 
solution much above i .5 per cent. Notwithstanding this, many instances 
are repor'ted of crop plants making fair growth in soils which show by 
analysis as much as 0.5 per cent of salt to the dry weight of the soil and 
where the moisture content frequently falls as low as 15 per cent. 

'Such observations have led to the conclusion that when the soil solution 
becomes very concentrated through the loss of water by evaporation, 
some of the salt may be reabsorbed in some way by the soil. 

EXTRACTION OF THE SOIL SOLUTION' 

'While it is difficult 'to obtain a sample of the soil solution 'when' "the 
water content, of th'C soil, is at or near the wilting point, it is possible by 
the um of a centrifuge to obtain a sample when the water content is up, 
'to. or just above the optimum, for plant growth. The centrifuge used 
in the experiment here described was one designed by Briggs and, McL'ane 
for use in determining, the moisture equivalent of 'soils (2) . The machine 
used diff^^ from the one . described in the publication cited in that it 
was quipped with an outer casing which serves ' to collect ' the '. water, 
that is thrown out of the soil 'during .the run..®...' . 

*'T&® witar is iaildbted to J. W. Mclaae h® coc^jefatico m niakiBg these sc^iitioii'€sxfcfactswiS. 



Mar. 1. X924 Movement of Water in Irrigated Soils 637 


In making these solution, extractions the dry soil was placed in the 
centrifuge cups and then carefully moistened to a point just below 
saturation. It was left in this condition overnight, protected from 
evaporation, and then centrifuged. The solution extracted represented 
that, part of the soil solution that is above the limit of the moisture 
equivalent and below the limit of saturation. The moist soil was weighed 
both before and after' centrifuging, and the dry weight was obtained 
later. From these figures the percentage of moisture in the soil was 
determined before and after the run, and it was assumed that, the sample 
of , the . solution extracted represented a' moisture condition midway 
between the two. The salt content of the extracted solution was deter- 
mined by means of .the electrolytic bridge. Table IX shows the' salt 
content of the solution extracted from four samples of soil. 

Table IX. — Salt contait of the soil solutioiu extracted by ike centrifuge process from. 

four samples of soil 


' PerccBtage 

Sample Ko. , oi soltiticm 

to soii«. 

Salt content (per cent). 

Of solution. '1 

Of soil 

1 (indicated). 

384 , S3 

385 : 36 

386 ^ 33 

^ ■ 30 

1. 020 i 

.050.: 
. 062 

2. 200 

j 0-337 

1 . 018 

1 ' . 020 

1 . 660 

1 


a TMs 'is the midway figure betiveen the percentage of moisture in the sample befcwre 'the run and th,e 
percentage after the run.. 

Sample aSsa was a duplicate of 385 to- which approximately 0.6 per 'cent NaCl was added before the 
solution extract was m,ade,. 

Another method of extracting a sample of the soil solution has been 
used in the laboratory 'by the writer- ' It has the advantage of not re- 
quiring the use of the centrifuge. . . By this method a portion of the 
soil solution is obtained by displacement. A leaching pot, such , as is 
shown in figure 4, is used for this purpose. After placing a small filter 
paper in the pot, 'a sample of 300 gm. of dry soil is poured in a little at 
a time and enough distilled water is added with each portion of the soil 
sample to moisten just below the saturation point. The pot is then 
covered to prevent loss of water by evaporation and allowed to' stand 
for 24 hours to reach a condition of approximate equilibrium. It is 
then weighed to determine the moisture content. 

The quantity of soil used will usually hold from 90 cc, to 150'cc.' of 
water. It has been found that by adding from 25 cc. to 5O" cc, to ' the 
surface of the soil in the pot this added water will displace , approximately 
an equal quantity whi.ch. leaches out from below. A ,'test' of succ^sive 
fractions of the percolate has. shown that its salt content remains fairly 
^constant ■ until the larger part of the original soil solution .'has , been dis- 
placed. 

The salt 'content of. the soil 'solution obtained by this 'method, of dis- 
placement from 'samples of the same 'soils... used in' the: centrifuge;, test 'is 
'shown in'' Table ''X,v together with, the computed' salt conteiit'Of "the soil. 
The moisture. percentage shown .in th'e table. is the result obtained , b'y 
weighing the moist , soil just before leaching. ' 
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Table X. — Salt content of ike soil solutions obtained by displacement from foiir samples 

cf soil 


384. . 

385- ■ 

386., 
385a. 


Sample No. 


Percentage 
of solution 
to soil. 

Salt content 
of solution. 

Indicated 
salt content 
of soil 

, 


Per ceni. 

Per c&ni. 

55 i 

0. 595 1 

0.327 

47 

‘059 ^ 

.02S 

47 

.070, 

-033 

46 

1 '■ 1.510^^ 

. 694 


The samples" of the soil solution obtained either by the centrifuge or' 
by displacement may be considered as representing a condition when 
the 'soil contains an ample supply of .water for plant growth. A number 
of investigators have proposed methods of obtaining samples of the 
soil solution when the moisture content is at or just below what is con- 
sidered as optimum for plant growth, but none of these methods has as 
yet come into general use in work with irrigated soils. ^ 

In view^ of the fact that most of the investigational work concerning the 
salt content of soil is based on results obtained by treating the soil sample 
with quantities of water that supersaturate it, similar treatments were 
made on portions of the same samples that were used in the experiments 
just described. 

In each extraction 100 gm. of soil were used. For one set this soil 
was treated with 100 cc. of winter, for the next 250 cc. of water, for the 
third 500 cc. of w^ater, and for the fourth i litre of ’water. The wetted 
samples were held for 24 hours and w^ere shaken repeatedly. A part of the 
■water ’was then filtered off and tested for total salts. The results of these , 
tests together with those made on the centrifuge and displacement 
extocts are sho’wn in.Table XI. . 


"Tabcu XI 'Saff content of ttm solution and tlw indicated salt content of the soil when 
the soil solution was variously diluted 


Sample Ho. 

; Percentage 
of solution 
to soil. 

Salt content 
of solution. 

j Indicated 

I salt content 

1 of soil 

! 



Per cent. 

Per cent 

j 

33 

I. 020 

o- 337 


55 

■595 

- 327 

T84. . ' 

100 

. 287 i 

.287 

,504..... ^ ^ 

250 

. 127 i 

.318 


500 

. 065 ■; 

‘ 325 

'' ' ' ' ' "" ' ' ' ■ ' ' 

1, 000 

' . 030 

; ■ .300 


3<5 

. 050, 

. 018 


. 47 

‘■059 

. 028. 


100 

. 038 

i ■ '■ • 


250 

.016 

. 040 


500 

. Oi l 

•055 


1,000 

. 007 

'070 


Tiieloito’fritig pap€f5 afe,«ti«»g the uiore reont. coatribpticais to the shblect of estraetia* the soilsolii-' 
ticm aad tmtwm dttfeiohs^rf mrficar week.. 

PAEKSa* F. W.: mucMumATmm Jmo composition op tBe' so^h, mmnou 

ii4h BuRGSsSf Faiil &: xb® soa sowtion, eswrA'Ctbo by Uipman's pirisct prbssobb. methop, com- 
PArtP WITH 1:5 WATER EXTRACTS (5). BiTRP.JohR S., and Martsn, J. C: water BISPEACEMENT op 
aoas mn the son, solution ( 4. Toeaikoy, N. M., and KvmsN, M. S. : on the question op obtain- 

WO' THE son, SOLUTION <ia>. ' 
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Table XI. — Salt content of the solution and the indicated salt content of the soil when 
the soil solution was variously diluted--^ontimi%6.. 


i 

Sample No. ■ j 

1 

Percentage 
of solution 
to soil. 

Salt content 
of solution. 

Indicated 
salt content 
of soil. 







Per cenL 

Per cent. 






33 

. 062 

, 020 






47 

. 07'0 

- -033 

3S6... 





100 

■035 

' - 03s 






250 

- 019 

048 






500 j 

!. .012 

. 061' 






X, 000 1 

. 008 

1 . oSo 





1 

' 30 i 

2. 200 

. ' 660 





1 

46 j 

I. .510 

- 694 

385a. . 






100 j 
250 j 

.665 
. 262 

. 665 
•^55 





1 

500 1 

• 130 

. 650 






I, 000 1 

i 

. 

. 660 


The outstanding features of Table XI are that these soils not only 
differ greatly in their percentages of soluble material but they differ also 
TOth respect to the solubility of that material. 

In the case of soil No. 384 the indicated salt content is substantially 
the same when computed from the centrifuge extract as when computed 
from the extracts made with large quantities of water. The same is 
true with soil No. 385a. 

With the other two samples, the results are different. With them the 
indicated salt , content of the soil is very much higher when an excess of 
water is used than when the solution is nearer the normal of. field condi- 
tions.' , 

These examples are given here to show why it is that investigators 
hesitate to estimate the concentration of the soil solution from the 
results they obtain by testing dilute water extracts of the soil. 

COMPOSITION OF THE SOIL SOLUTION 

.Most investigators who are working with solutions obtained from 
irrigated soils do not 'attempt to identify all of the substances contained, 
in riiese solutions. Many of the dissolved materials occur in very minute' 
quantities, and it is probable that they do not have much effect either on 
the soil or on the-, plants. There is a wide diversity in the methods used 
by different workers in the examinations of soil solutions, a term which' 
is here used to include, not' only the water extracts from soil samples but 
in%ation and drainage waters as well. 

Even in estimating the total quantity, of dis.solV'ed material, there .are 
differences of method. A few of the methods in general use. may' be 
listed and briefly described as follows: 

(x) A ni'eastired "quantity of the 'Silutiou is evaporated to dryness over a stiam bath 
and then drie'd to instant weight , in an.oven at a temperature slightly above the tx>iliag' 
point of water; the dried residue is weighed and reported ^ total dissolved solids in. 
terms of percentage of fiie orlginal solution orin parts per million. 

' '(2) , ftie 'Same as No. x except that' the''.residue after being' weired is, heated to low 
redness, to volatilize the ,otganic.in.atter''and''th€n weighed again. 'The loss in weight 
from .heating is then reported 'as^ organic matter, ^ and file, final residue is.repO'ited as 
total salts. '' 
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(3) The electrical conductivity of the solution is measured hy the use of a Wheatstone 
bridge. The bridge reading may be converted in terms of percentage salt content 
by the use of a calibration table. 

(4) A fairly complete anal^'sis may he made, determining quantitatively each of 
the constituents found to be present and the sum of these reported as the total salts. 

(5) A few of the more important acids may be determined volumetrically and tliese 
results calculated to their equivalents as salts of sodium, added together, and reported 
as total salts. To do so involves assumptions that may be misleading. All that is 
known concerning the composition may be given quite as clearly by reporting the 
quantities of the various elements or ions that have been identified. 

The various constituents of the soil solution are usually reported as 
parts per million. It is convenient to remember that parts per million 
may be converted into parts per hundred or percentage by moving the 
decimal point four places to the left, e. g., 12,000 parts per million equals 
1.2 per cent. Likewise, where there is occasion to convert parts per 
million into pounds per acre-foot of water or of soil, it may be remem- 
bered that an acre-foot of water' weighs approximately 2.75 million 
pounds and an acre-foot of soil weighs about 4 million pounds. Thus, 
if a sample of water is found to carry 730 parts per million of salt that 
would be equivalent to i ton of salt per acre-foot of water. 

There are in addition a number of modifications of these methods, but 
these examples serve to show something of the diversity of methods that 
are in general use for estimating the salt content of the soil solution. 
The material dissolved in the soil solution is assumed to exist as salts 
in equilibrium as to acids and bases. The methods of chemical analysis 
do not permit the identification of these salts as such, but only of the 
acid or basic radical or ion. Thus, we may determine with a fair degree 
of accuracy the quantity of chlorin (Cl), of sulphate (SO4), or nitrate 
(NOg) in a solution and also the calcium (Ca), the magnesium (Mg) , or 
even the sodium (Na), but we can not with certainty know how these 
exist in the solution with reference to each- other. It is questionable 
whether it is desirable to attempt to state the composition of soil solution 
or of irrigation and drainage waters in terms of combined salts. 

IMPORTANT CONSTITUENTS OF THE SOIL SOLUTION 

The term soil solution as here used is intended to include not oni\’ the 
solution as it exists in the soil of an irrigated field but also the accumu- 
lated underground water' or drainage and the watep used for irrigation. 
In other words, water that has been in contact with soil is here termed 
soil solution. It is not intended to include as a part of the soil solution 
any ' of the inert , suspended matter that maybe removed by careful 
filtering. 

The more:' important constituents of the soil solution as it exists in 
relatmn to ■ irrigated "soils may be enumerated' as follows: The bases are 
calcmm, magnesium,, sodium, and potassium. The acids 'are sulphate' 
(SC)4),,:,eMorin;(C!)', bicarbonate (HCO3), carbonate (CO3), nitrate (NO3), 
phosphate (POJ, and silica (S1O3). Other bases, such as manganese, iron, 
and aluminuiii,, are sometimes found in soil solutions, and some other 
^ids, particularly organic acids, also occur, but these are not often 
separately identified,. 

There is some diversity in the meth'ods used for quantitative determina- 

the constituents of ^the, soil -solution. , It is not the purpose here 
to give a detailed description - of ■'these, methods, 'but merely' to give an 
account of them' that may" serve as a ''basis for a' later discussion of soil 
reactions in ivlilch' the character of the .soil solution, as determined by 
these methods, plays an important part. ■ 
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CALCIUM 

The fact that calcium forms an insoluble compound when combined 
with oxalic acid is the basis of one group of calcium detemiinatlons. The 
precipitated calcium , oxalate may be separated by filtering and the 
quantity of calcium weighed as the oxid after burning or the quantity of 
combined oxalic acid determined volumetrically by the use of potassium 
permanganate. 

Another reaction of calcium is also used to some extent. This is its 
reaction with soap. Both calcium and magnesium form insoluble com- 
pounds with soap, and consequently it is possible to estimate the quantity 
of calcium and magnesium there is in a solution by using a standard soap 
solution, added a little at a time. The solution being tested is shaken in a 
bottle after each addition of the soap solution. When all the calcium and 
magnesium have been precipitated by the soap, the' solution quickly 
forms a lather when shaken. 

magnesium 

The gravimetric determination of magnesium is based on the fact that 
this base forms an insoluble precipitate mth phosphoric acid. When all 
the calcium has been precipitated from a solution by the use of oxalic 
acid, as mentioned above, the addition of sodium phosphate results in 
the formation of magnesium phosphate which may be filtered off and 
weighed. 

The magnesium content of a solution may be estimated by first deter- 
mining the total content of calcium and magnesium, as with the soap 
solution ; the calcium content may then be determined on another sample 
of the solution and the magnesium estimated by difference. 

SODIUM AND POTiCSSrUM 

The accurate gravimetric determination of sodium and potassium in 
solution is rendered difficult by the fact that most of the compounds of 
these bases are soluble. The usual method of procedure is to separate 
out the other bases and also remove the sulphate from the solution, 
replacing it with chlorin to combine with the sodium and potassium and 
then evaporate to 4tfyness and weigh the residue as the chlorids of the two 
bases. If it is desired to determine the potassium separately from the 
sodium the residue is redissolved and the potassium is precipitated with 
platinic chlorid. Many water analysts do not undertake to make direct 
detenninations of sodium' and , potassium because the processes 'are 
difficult and tedious. Having determined the total salts or, the totals' of 
the acids and of the calcium and magnesium in the solution they estimate 
the 'sodium by difference or by the requirement of the acids after elimi- 
nating the quantity of the acids required to combine mth the caleium and 
magnesium.. ; ^ ' . , ” . ■ ' ■ ■ 

SULPHATE 

' 'The sulphate content of the solution may ..be detennined by „the addition 
to it of. an excess of barium chlorid. ' 'This , results in' the" formation .of 
the insoluble barium" sulphate which .may., be .'.filtered' o,ff; .and. weighed. 
The Ireshiy' precipitated barium sulphate'fonns a. white 'turbidity in the 
solution., so that a fair estimate of .the quantity of sulphate may .be , made 
by .comparing this turbidity . with .knoTO standards.,. 
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CHIvORIN 

^ Qilorin is deterniined by titration tritb a standard solution of silver 
nitrate, using potassium chromate as an indicator. The first reaction 
is the formation of insoluble silver chlorid. l^Tien all the chlorin has' 
been combined the silver reacts with the chromate to produce a, change of 
color. 

CARBONATE AND BICARBONATE 

The eonventiotial method for the determination of these weak adds is 
to titrate the solution with a standard solution of a stronger , acid, such as 
sulphuric, using phenolphthalein as the indicator for carbonate and methyl 
orange as the indicator for bicarbonate. The reaction involved in these 
titration,s and, the interpretation of their results call for a more detailed 
statement than has been made concerning the other constituents of the* 
soil solution. This may be justified in part because the carbonates are 
generally regarded as the most- troublesome substances in the solution, 
both in^ relation to the soil and the plants, and partly because of some 
uncertainty as to the significance of the results of the titrations. 

^ In the first place, it should be kept in mind that the carbonate- 
bicarbonate co.mplex is very unstable. That is to say, a change in the 
quantity of carbon dioxid in the solution immediately causes a change in 
the proportion of carbonate to bicarbonate. This change may be illus- 
trated' b}’^ the following equation: 

(1) Na^COs-fHOs + COg-aNaHCOs 

^TMs^ equation indicates the reaction that takes place when carbon, 
dioxid. Is added^ to a solution of sodium carbonate in water,- which reaction 
is in the direction of cqnverting'the carbonate to the bicarbonate. The 
removal of carbon dioxid from the solution, which may be done by aera- 
tion or -boiling, causes the reaction to take place in the other direction or to 
change^ the bicarbonate into the carbonate. The quantity- of carbon 
dioxid in solution is extremely .variable, depending upon conditions which 
are constantly changing-, so that there is comparatively little significance 
to be attached tO' the distinction between carbonates and bicarbonates 
in irrigation and drainage waters. 

In making a titration for carbonate in a solution, a ftp' ‘drops ' of phenol- 
phthalein is first added. If -the solution takes on , a pink or rose color- 
th,is is assumed to indicate the presence of the normal -carbonate ' (-CO3) , 
and a solution' of standard sulphuric-, acid is added 'until the color disap- 
pears.' ' 

Th,e course' nf the reaction' may' be illustrated as follows: ■ 

(2) "' ' sNa^eO^ + H3SO4 - .Na^SO^ + 2NaHC-Og 

^This might be taken- to indicate that the pink color of the phenolphtha- 
-lein indicates the presence of the carbonate radical, but there is another 
explanation that appears to sm-e better. Sodium carbonate is an exam- 
ple of a strong base-, united with a weak acid. When this salt is dissolved 
la 'Water -it is partially dissociated and' hydrolked as follows: ' - 

'(3)' ,' K%,CO, + H, 0 -'NaOH-l-N^ 

It is not assumed that this reaction is complete, .but rather that 'm'''a 
soliitioii of sodium carbonate there exists a certain quantity of free 'hy- 
cJroxyl ions (OH) and, that these cause th,e phenolphthalein to ' show pink 
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■color. According to tWs explanation the reactions of the carbonate 
titration wonld be indicated tlnis : 

(4) ' cNa'OH-f H2S04-xNa3S04 + 2H20 

It is assumed that only a part of the sodium carbonate is dissociated 
and hydrolized in the ' orginal solution, but that as titration proceeds 
these reactions go on until the supply of the dissolved carbonate ' is 
exhausted. The acid used in titrating the solution until the phenol- 
phthalein color disappears accounts for only one half the _ original 
quantity of carbonate, ilccording to the equation (2) , the first step of the 
titration reaction is to form sodium sulphate and sodium bicarbonate. 
In making carbonate titration the burette reading for the phenolphthalein 
reaction is doubled before computing the carbonate content of the solu- 
tion. 

Upon completing' the titration with phenolphthalein, a few drops of 
methyl orange is added to the solution and the addition of acid contin- 
ued until the solution changes color from lemon yellow to orange. By 
'this titration the total quantity of bicarbonate in the solution is , deter- 
mined. The reaction may be indicated as follows : 

(5) ■ cNaHCOs -f H2SO4 = Na^SO^ 4- H.O -f CO^ 

As has been indicated above, the bicarbonate content of the original 
solution has been increased when carbonate -was present through the 
conversion of the carbonate to the bicarbonate. Thus in computing 
the carbonate and bicarbonate equivalents of the acid used in titrating a 
solution it is necessary to deduct from' the burette reading for the 
methyl orange titration the equivalent of the burette reading for the 
phenolphthalein titration. The remainder may be taken as the acid 
equivalent of the bicarbonate originally in the solution. 

The correct interpretation of the results of the titrations for carbonates 
and carbonates in soil solutions is beset with still other complications. 
■One of these has to do with the fact that the silicate radical (SiOg) when 
it occurs in solution gives 'the same color reaction with phenolphthalein 
as the carbonate. This may lead to some confusion in dealing with 
certain strongly alkaline solutions. ;Not only does it give too high 
values for carbonates but it upsets the determination of bicarbonate 
also. : From what has been said above concerning the titration for car- 
bonate it will be evident that if a solution contained carbonate but no^ 
bicarbonate ' its complete titration would require equal quantities ' of 
acid to neutralize the phenolphthalein and the methyl orange. With a 
solution containing silicate this is, not the case. It takes much more 
acid to neutralize the phenolphthalein color than it does to complete the 
titration with methyl orange. ' It sometimes happens in. laboratory work 
that solutions are obta,ined that .show an , abnormally high propo'rtion of 
carbonate, as compared with the bicarbonate. With ,su5h' solutions^it is 
,advisable to test for silica. 

, Another sottrce of e,rror in determining ■■ the 'carbonate-bicarbonate 
constituents of solutions has to 'do 'with, -the evolution or 'es^c^pe; of carbon 
dioxid between the time ,,th,e ■sample is 'taken.and the time;' the titration 
■ is 'made., 'On "one hand, if "the solution, ','co'ntains organic matter; either, 
.' suspended or 'dissolved this ,may be 'broken d'Own with ''the 'consequent 
liberation of carbon dioxid. , 'If the solution is, sto'red in a closed container ■ 
thi^S carbon dioxid may combine- with . the normal carbonate ' to, form 
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bicarboBate. On the other hand, it has been observed that certain sam- 
ples of underground water when' first taken show no , phenolphthalein, 
reaction, but if these are allowed to stand for a few hours exposed to the 
air they give a strong reaction for normal' carbonate. ■ 

One of the practical difficulties in titrating soil solutions is encoun- 
tered. when the solution is strongly' colored or turbid, due to the presence 
of dissolved or suspended organic -matter. With such . solutions the end 
point of the indicator reaction is not easy to see. It has been found 
that this difficulty ma}^ be overcome by placing the solution to be 
titrated in a bottle which can be corked and shaken after each addition 
of acid. 'The shaking causes the formation of foam which persists at 
least momentarily after the shaking stops. The indicator colors can be 
seen in this foam quite as sharply as in a clear solution.^ 

The discussion of this' subject of the determination of the carbonate- 
bicarbonate constituents of the soil solution may be summarized by 
pointing out that these determinations are at least difficult to interpret. 
It is regrettable that this is so because these constituents are known to 
be closely associated with some of the most important reactions that, 
take place in irrigated soils. They are also regarded as highly toxic to 
crop 'plants. 

NITRATE 

The nitrate content of the solution is determined by tlie use of phenol- 
disulphoiiic acid with which the nitrate reacts to produce a yellow color 
when the solution is made alkaline, as with ammonia. A comparison 
of the unknown solution with solutions of known strength, affords a 
basis for estimating the nitrate content. 

SltlCA 

Silica in solution may be precipitated by evaporating to dryness, 
acidulating with hydrochloric acid, .evaporating again, and finally taking 
up , the soluble residue with dilute acid. The silica may be separated 
from the other constituents of the solution because it does not redissolve 
in an acid- solution after being dried. ■ 

In making a silica determination with soil solutions it is essential to 
free the, solution of all suspended matter. In the water extracts of 
irrigated soils and in some turbid irrigation waters silica is an important 
co-astituent of the suspended matter. In ' this condition it is not, how^ 
ever,'a part of the 'true solution.- ■ 

STATING THE RBSUETS 0,F , AHALYSE-B ' ' / 

From what has been said on -'the preceding pages it, is obvious that in 
reporting, the results of analyses', of .samples, of. the soil solution or of 
irrigation or drainage waters one can not with certainty report the salts 
as such. The analysis permits the' identification of certain elements' or 
ions, but gives 'no clue as to how these are co,mbi,tt-ed if' at alL^ Indeed 
such evidence . as , . we have .^vould indicate that in the dilutions ■ with 
which we commonly .ffi,ave to deal, these constituents exist largely, in" a 
dissociated condition. ' ^ ■ 


Tht writer indebted to J. Bineaa«ale for tb'is detsii! ot teci!'n3qt3,e. 
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It is doubtful if any useful purpose is served by reporting swell analyses 
in terms of combined salts. ■ The character of the solution may be" in- 
dicated quite as clearly by reporting the quantities ■ of the constituents 
identified as by reporting the theoretical combinations which are con- 
jectured. Fur&ermore, where the report includes only the elements or 
ions that have been identified it is less subject to misinterpretation than 
when ' it is given in terms of combined salts of which only one element 
or "radical has been determined. The results of the analyses of certain 
underground waters are given in Table XII stated in parts per million. 
The figures in this table give all the facts that were actually ' determined 
in making the analyses. 

TABtE XII. — Composition of certain underground waters 


Constituents (parts per niillion'* - 


Sample No.‘* 

Solids. 

Ca. 

Mg. 

HCO> 

CL 

•so^. 

NO;t. 

I i 

I, 6.14 

X34 

24 : 

249 

642 

2II 


) 

r 453 

203 

28 

163 

501 

259 

19 


534 

108 : 

16 

236 : 

115 

127 1 


4 ; 

3. 570 

i So 

172 : 

^279 

3,12 

I, 920 i 



0, X42- 

555 : 

146 ; 

504 

140 

1 


6 ; 

5, 400 

■ 408 i 

543 ^ 

549 i 

160 

! 2, 700 ! 


' 1 

S' ^*^4 

i 270 

IQI ‘ 

i 

432 

84- 

1 3^427 

i _ 


a The followinf is a description of the water samples: 

No. I. From wells tapping: the underflow df the Gila River above Yuma, Ariz. 

No. a, From wells used for irriz^tioa on the south side of the Salt River Valley, Aru. 

.No, 3, From wells used for irrigation on the west side the Salt River Valley, Ariz. 

No. 4, From a drain on the Newlands project. Nevada. 

No. 5, From a drain on the Shoshone project, Wyoming. 

No. 6, From a drain on the Belle Fourche project. South Dakota. 

No. 7, From a drain on the Huntley project, Montana.; 

& Includes 48 parts per million normal carbonate The other samples showed no reaction with phenol- 
phthalein. 

Where it is desired to make a comparison between several different 
samples of water as to the character of their dissolved constituents 
such comparison is greatly facilitated by stating the constituent in 
terms of- percentage of the total solidst In order not to have too many 
items for comparison,, constituents .having similar properties may be 
combmed in -the percentage statement. Thus the calcium and mag- 
nesiuin may be taken together and the carbonate and bicarbonate. 
In view of the fact that the bicarbonate .radical (HCO3) is monovalent - 
while the carbonate .radical (GO3) is bivalent it is customary in ^com- 
bining them in the percentage statement to divide, the figure- for the 
bicarbonate by 2 before making the addition. 

The combining weights of the bases and acids ordinarily , found in 
irrigation and underground ' waters are '.-such that the sum . of 'the - acids 
constitutes about two- thirds of the weight of the total so'lids.-', -'As, a 
check , on ' the accuracy of the analytical report, the perGmtag,e ' state- 
m-ent of -the results may properly include an Item for the total- 'acids. 
If-the figure .for- this item falls mudb-.above'yo or/much.foelow ,,60 the, 
implication- 'is that .'th.ere , has been, an .-'error in ^e work, .or, th,at ' some 
other acid, possibly the nitrate radical, should , be looked for., " 

When the analysis of a water sample' includes all the important bases, 
that Is, the sodium and potassium as well :as the calcium and magnesium., 
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tie sum of tiese basic constituents' makes up about one-third of the 
weight of the total solids. "y^Hhi'ere .only the calcium and magnesium' 
have been determmed by .analysis, the percentage statement of the 
results indicates approximately at least whether the water is to be 
'Classed as ‘'hard'* or "soft** with reference to the balance between the 
two classes of bases. 

If the sum of the calcium and magnesium is about 1 5 per cent of the 
total solids, it may be assumed that the calcium-sodium ratio is not 
far from 50-50. 

For a discussion of the significance of the calcium-sodium ratio in 
irrigation waters see Scofield and Headley (id). 

An example of a report on the quality of certain underground waters 
is shown in Table XIII. In this table the figures in tlie column headed 
“total solids*’ give the percentage of these to the original solution. 
The other figures in the table report the constituents that vrere identi- 
fied in terms of percentage of the total solids. With this form of report 
it is less difficult to compare different waters as to the proportion of 
their important dissolved constituents even though the total quantities 
of these constituents are very different. It is obvious that the propor- 
tion of calcium and magnesium to the sodium must be low in samples 
I, 4, 5, and 7- Sample 3 is high in bicarbonate though low in total 
solids. Samples 1 and 2 are high in chlorids, while samples 4 to 7 are 
high in sulphates. 

Tab^E 'XJll. “—Composition of certain underground ‘maters in mhich the total solids are 
siaied^as percentage of the solution and the important groups of constituents are stated 
mienm of percentage of the total solids 



' The method of reporting; th'C- constituents as ^ percentages of the total 
dissolved solids or total salts does not permit closeor 'accurate comparisons 
between different waters because 'th.ese'. oonstituents have different 
molecffiaT 'Or combining weights.. For example-, 12 parts per million of 
m,agnesium has the same combining value as 20 p.arts per - million of 
calcium.. In tlie same way -with the -adds, 48 parts per million of sulphate 
has the same combining value as 35,5 parts per million of chlorin or 30 
parts of cartenate, ■ Th-ese differences in molecular or combining, weight 
make it impossible lo express 'the , true' character of solutions .by the 
percentage method of Ifatement. This.' method is simple and convenient, 
but at best it permits only approximate comparisons.' Wh-ere' it is 
dmrai to make more accurate .comparisons between different waters it 
is advisable to use a method wjiich takes into account these differences 
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in tlie combining or reacting values of the constituents. Such a method 
has ' been proposed by Stabler (17, iS) and elaborated by Palmer (1 j) 
and has been extensively used by water analysts in connection with 
industrial problems though it has .not as yet been used generally in' 
connectioii rndth irrigation and drainage investigations. This method of 
interpreting water^ analyses is based on the use of what is known as the 
reaction coefficient for, which the symbol r is used. The reaction coefficient 

valence 

of an element or ion is determined bv the ratio —7 — ^ ■ These 

atomic weight 

coefficients for the more important radicals found in irrigation waters are- 
given in Table XIV. 


Table XIV. — Reaction, coefficients for the more important radicals fouftd in irrigation 

waters 


1 

Pcsitive radicals. 

Heaction ' 
coefficients. 

Negative radicals. 

1 

Reaction 

coefficients. 

Calcium (Ca)..,. 

0. 0499 

Carbonate (CO^^) I 

0. 0333 

Magnesium (Mg) 

. 0S22 

Bicarbonate (HCO3 1 . 1 

. 0,164 

Sodium (N'a')....' 

• 043s 

Oilorin (Cl) i 

. 0282 

Potassium (K). 

. 0256 

i 

t 

Sulphate (SO4) 

Nitrate f'NOg) 

. 020S 
i . 0161 


The reac^ting values of the dissolved constituents are determined 'by 
multiplying the parts per million by the reaction coefficient and the 
results obtained are designated by prejfbcing the symbol r to the symbol 
for the radical. Thus r Ca is, the designation for the reacting value of 
calcium. The application' of the method of reacting values to the state- 
ment of water analyses is illustrated in Table XV in which it is used with 
the results given in Table XII. 

The reacting values of ^ the various constituents as given in the table 
are stated in terms of molecular equivalent units. If the analyses were 
complete and correct the sum of the reacting values of the bases or 
positive- radicals should equal the sum -of the acids or negative radicals. 
In ordinary analytical work the alkaline bases, sodium and p-otassium,, 
are not usually , determined. In the absence of this determination it is 
not possible to compute directly the proportions of the earthy bases^ 
calcium and magnesium, to the alkaline bases or the percentage of the 
earthy bases to the total bases. This , is a relationship that appears to be 
important in ' view of the knowm didere,nces in the reactions of the 
elements of these , two groups.,,, ' ■■■ 

In -order to nia,ke an .estim.ate of the percentage of the. earthy - bases 'to 
the' Total bases in the, 'solution as well as to be able to make direct com- 
parisons between different waters it is ,convenient to compute the reacting 
values of the -constituents into percentages. If .it may be assume'd 
that the" determinations of the'- acid constituents are approximately 
accurate, the sum of, the reacting values ■' -of- 'th,e ',acids may be used as a 
basis for ' computing the percentages -of the": constituents. , .The results 
of su'ch co.m'putation are given -in; Table.. XVI. :T-fc'- is- believed: that 'this 
method -of statement of - theTestdts ’-'of ''analyses gi^s ,a .fairly "clear pictee 
■Of' the' essential features of the'soluti.on-.and also .'permits- ,a fair comparison' 
'of '.Gne'so-lution 'wIth another. , 
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Table XV. — Reacting mines of ike consiiiuents of certain underground waters, the com' 
position of which is given in Table X^ll in parts per -million 



Sample Na 

rCa. : 

r Mg. 

1 rHC 03 . 

rCL : 

rS04. 

r NO;>.. 

r Acids. 

I , 


6. 69 
10. 13 ' 
5 - 39 -' 
3-99 
2'“, 70 ' 

1. 97 

2. 30 
I. 31 

■ 4. oS ' 

2.6; 
3.87 : 

iS. 10 : 

4. 39 

5. 30 
2. 64 

39-95 * 
122. 50 
56. 20 


26. 57 

22. 41 
9. 7^ 

,2 .. 


S 4 - 13 ; 
3. 34' i 

0. 31 

4. . 


14. 13 
12. 00 

^ « 4 . 57 ; 
i 8, 26 i 

8 , 79 1 

S' 95 

4. 51 ' 

2. 26 : 


■ 53 - 31 
134. 7 ^ 
69. 71 

I 80. 49' 






20 - 35 ' 

; 3:3-47 

44- bo 
15. 70 

9. 00 




7.08 ; 

71. 15 









includes 1,6 r CO:;. 


Table TiXl —Composition of certain underground uaters stated as percentages of the 
sum of the reacting values of the acids from Table A"F 


Percentage of reacting value. 


Sample .No, 

loiai .- ■ ' 

soilds. 

i ' r Ca. r Mg. 

1 

rCa-^ 
r Mg. 

rHCai. 

rCl. 

rS 04 . 

r'NO:;.', 

,i . 

0. 161 ! 25. 2 ; 7. 4 

32. 6 

35.3 

68. 2 

16. 3 


2 

. 145 : 4 $. 2 la 3 

55 - 5 

II. 9 

63. I 

23. 6 

I. 4 

3 ; 

* ®53 : 55 * 3 ' 3:3. 3 j 

6k 6 

39-7 

33 *^ 

2 7. I 


4.".' 

• 357 ! 7- 5 : 5 1 

i 34-0 

«8. 6 

id. 5 

" 7 ^' 9 ! 


S - ■ • 

[ . 914 j 20. 6 ; 9 j 

^ 9 - 5 

6. I 

- 2.9 i 

91. 0 


6. 

i . ^40 ' 20. 2 ' 64. -O 

93 * ^ 

12. 9 

' 6. 

80. 6 


7 • - 

■ . 586 ; 16. 7 ; ■ IQ- 5 i 

36. 2 

1 ■ ■ 8.8 ; 

'2.8 

' 88. 4 



« Includes 3.0 per cent r CO, 5. 


THE SOLUBILITY OF SOIL CONSTITUENTS 

In dealing with irrigated soils which often contain appreciable quanti- 
ties' of materia! that is readily soluble in water it is possible to recognize 
four classes of substances, as follows: 

(i) .Soluble 'inateriai,. wbich may’ be defined as material that is soluble to aU' extent 
greater than can be satisfied by the quantity/ of water in the soil, e. g., the salts of the 
strong acids with the 'four principal basic elements and also the carbonates and bicar- 
bonates of the alkali bases. A possible exception in this' series is calcium sulphate. 

'(2 ) Slightly soluble material,, which may be defined as material that is so little soluble 
that the soil solution is.ord,inarily saturated with respect to it,, e. g., the carbonates, .of;, 
the earthy ba^s, calcium., and magnesium, an.d sometimes, calcium sulphate. . ' 

(3) ■ Replaceable iii,ateriab which includes the bases, both ,earthy and, alkaline, that 
are comb'ined with the soil material in such a 'way that they may pass into solution only 
if the .solution, contains, an excess of- some -other, base with which th.e combined bases 
may exchange, e. g., a s-oil may be- rich in combined. calcium and may yield only a 
trace of th'is' element to treatm-ent to pure \rate.r, but when treated with a solution of 
asdium chlorid it may yield an abundancenf calcium. 

'(4) Insoluble material, which inetu-des the great bulk of the soil. This consists 
largely , of silica either as pure 'quarts o-r mare . commonly as double silicates or com- 
pounds of alumina and silica togetlier vrith one or another of the common earthy or 
alkaline bases. Some of ,the, double' or complex silicates also co.ntain iron 'and may 
contain more than one of the bases, 

This dassificatioE of^the s,o,il material, ' while admittedly an, arbitraiy 
one, is useful in that it iiiake.3'it possihleto 'arrive at a better' understanding 
erf the changes that occur ' in the soil solution as a result of iirigation and 
leaching and of the reactions that take place between the S'0,Iution and the 
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soil Under field conditions the soil solution Is never at rest or in a condi- 
tion of equilibrium. During the time that irrigation water is being applied 
the solution is being diluted and is moving downward, through the soil. 
For th.e remainder of the time it is being concentrated through the loss 
of water by evaporation and transpiration, and there may be a slight 
upward movement to replace these losses. In its movement the solution 
carries its dissolved substances with it. The movement of these dissolved 
substances by diffusion is probably so slight as to be negligible. For all 
practical purposes the movement of the dissolved salts in Qie soil iS' limited 
to and determined by the movement of the soil water.® ■ 

A solution constituent may be precipitated and its further movement 
arrested in either of two ways. The solution may become concentrated 
by evaporation to the point of saturation with respect to that constituent, 
or the constituent, if basic, ma}^ take part in an exchange reaction and 
be withdrawn from solution even though the solution ,is well below the 
saturation point with respect to it. It has not been demonstrated defi- 
nitely that the acid constituents of the soil solution take part in exchange 
reactions. ' 

■ There are very pjonounced differences in the solubility of the various 
important constituents of the solution as it exists in irrigated soil. Ver)- 
little is known as to w'hat these limits are— that is, as to the concentrations 
at which the precipitation of any given salt takes place in the soil. The 
precipitation of a salt from solution or, in other wrords, the limit of 
soIubilit3=^ may be influenced profoundly by either of two factors. One 
of these is temperature and the other is the character of the other constit- 
uents in solution. The limits of solubility in pure water of the more 
important constituents of the soil solution in irrigated land are shown 
in Table XVII. The figui'es in this table give the limits of solubility in 
terms of percentage of the water of .the solution and also in terms of the 
reacting values of the elements or ions.. ' These figures show that with 
most of the salts the limit of solubility increases with the temperature. 


Table XVII . — Soluhility in water of the earthy and alkaline bases in ike presence of ike 
various acids commonly found in the soil solution^ expressed ns percentage of Ike solvent 
and as reacting values 


, 

Tempera* 

ture. 

Caldtim Ca'L 

Magnesium Mg''". 

Sodium Na'. 

Potaasi'iun K'. 

Per 

cent. 

React- 

ing 

value. 

Per 

cent 

Rtect- 

ing 

value. 

Per 

cent. 

React- 

ing 

value. 

p .1 R^ct- 

I 

Carbonate, . 

Bicarbonate , HCO3'''. 

Sulphate, SO/’".. , 

Chlorin, Cr . 

N'itrate, .. . V. . ' 

/Cold. . . 
\Hot. .. 
}Cold..i 
iHot. . 

0. 0013 
.088 

I 

0. 26 
17.6 
20. 0 

a 0106 

2. 21 

! 

2. s| 7. 1 
...... i 45-4 

■ '5201 6. 9 

' . J' f A 

1, 340 

8,57° 

■ '821 

955 

..■..6:56 

6, ICO: 

6, 660^ 
8, 580; 
21,, i8o| 

89.4 

156. D 
' '22, 4 
'60^0 

8. .'5 

26,3 

28, s 
56.6 
13*3 
247!,© 

12, 900 
22, 600 
2, 240 
6', 000 

:' 97 S 

3,000 

3.825 
7.580 
1. 315 

24, 400' 

/Cold.. J 
IHot. . J 
jCold.,.i 
/Hot . , ! 
/Cold.,.; 
iHot. '. J 

. 179 
.17S: 
59 * 5 
154 
■ 93 ‘ I- 

3 SI -2 

26.5 
26. 2; 
10, 725: 
28, 000 

;42, 829' 

j . . i 

26. 9 
73- 8; 
52 , 2i 
65.9! 
.20a 

4 j 45 ® 

12, 200 
■10, 950 

13, 850 
'1 5, 620 

4.8 

42.5 

35 * 7 
39 

' 72 * 9 
180. 0 


o'Eiciiai Vaa .'Norstraad^s CHEMICAL' ANKiJAi... 1913 (ao),. , 

* The OMwesEiamt $alts .here referred to sfeoold, aefe foe 'C»ifs»ed. witii the mmtmmt rf it»s m 

the wfoidi. 'may tak e place m cq^mectioa with tfoe afosarpd<» ,foy plants. See . Breazeale. J.F. Cl) 
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Our information as to the effect on the solubility of 'one.salt of the 
presence in the solution of another constituent Is far from complete. It 
is , well known that carbon dioxid dissolved in water increases the solu- 
bility of calcium carbonate except when the solution contains sodium in 
excess of the strong acids. Likewise it is known that chlorin in solution 
increases the solubility of calcium sulphate unless the calcium in solution 
exceeds the equivalent of the carbonate and sulphate ions in the solution , 
otherRuse the solubility of calcium sulphate is decreased. These examples 
are cited merely to show that in. a system as complex .as the soil solution 
it is not possible to state definitely the limits of solubility. Not only is the 
system complex with respect to its composition but it is never in equilib- 
rium. It‘is either in the way of being made .more dilute by irrigation 
or, rainfall or of being, concentrated by evaporation and withal it is 
participating in those reactions that are continually taking place between 
the substances in solution and those combined i,n the soil. 

A consideration of the factors infiuencing the solubility of the soil 
material can not well be confined to a discussion of the reactions of 
inorganic acids and bases. The soil of a cultivated field is teeming with 
organisms including fungi, bacteria, and' nematodes, 4o name only a few 
of the groups. It contains also the organic residues of plants and of 
animals in various stages of decomposition. These organisms and the 
products of the decomposition of the organic matter have a most impor- 
tant bearing on the character of the soil solution in its relation, to crop 
grow^th. They doubtless have, also, a bearing on the physical condition 
■ of the soil and consequently on its permeability to water. But it is not 
within the scope of the present paper to deal with these organisms or with^ 
the subject of organic matter in relation to the condition or productivity ; 
of the "soil. 

There remains to be, considered in some detail one other constituent 
of the soil and of the soil solution w^hich is believed to play a most important 
idle in the matter of the movement of water. This is silica. . Although 
silica is the most abundant substance in the soil, we have as yet very 
little knowledge of it and of .the nature of its reactions. Silica, or the 
. oxid of silicon (SiO^), was first, identified by Berzelius in 1823, though " 
its .molecular weight was not established definitely until many years later. 
It occurs in nature in a great variety of forms,' sometimes' pure, as in 
quartz or rock crystal, sometimes combined with water, as silicic acid, 
but more commonly in combination with one or more of the earthy or 
alkaline bases. , It is the most universal cementing material knowm. 

Notwithstanding the fact that silica is not ordinarily recognized as 
constituent of the soil solution, it appears "to be unquestionable that it 
'exists in and is often abundmt in the soiutio,n. The fact that it con- 
stitutes an im.portaiit part of the mineral matter of certain plants and that 
'.it IS' utilized 'by a: great variety of small organisms, such as the infusoria 
in forming their shells or skeletons,, justifi^ the belief that it exists in ,a 
soluble form. .Furthermore,: it is sometimes identified as an important 
dissolved constituent oT the waters of mineral springs and deep wells. 
Some water, 'analysts^ hold the view that the silica found in water is to, be 
regarded as^' suspended matter rather than ,^as^ a true solute; in other words, 
that it should be reported as SiOj^ rather than as an acid ion SiG,^. ' Yet 
in some cases, at least, the evictence seems conclusive that it "may, exist 
as an md ion. It combine with certain bases to "form" definite 'salts. 
As caldum siBcate it is sparingly soluble in fi^ater, 95 parts per million. 
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^ In combination with the alkali bases, sodium and potassium, it forms 
salts; that are indefinitely soluble in water under certain eoiiditions 
though soluble only with difficulty after being dried. ' In solution these 
salts of silica give a strong alkaline reaction like the carbonates. The 
coHibination of water with silica, which is known as silicic acid,' 
is in somC' ways analogous to the combination of carbon dioxid and water. 
Both are known as weak acid^, but in many respects they are altogether 
unlike. 

From' what has just been said it may be inferred that in dealing with 
silica in its relation to the soil solution one fi'nds much that is tmk'nowii 
and baffling. There appears to be some justification for the' vie that 
silica, considered as an acid ion, is chiefly involved in those reactions 
, of replacement or exchange that are known to take place between the 
soil and the basic constituents of the soil solution. Until the facts are 
more definitely established it is not possible to do more than to conjecture 
the nature of these reactions and their relationships to the observed 
changes in the physical condition of the soil. The knovm facts are at 
best extremely fragmentary. We may observe that as a result of treat- 
ing the soil with a solution of a sodium salt certain reactions take place. 
Some of the sodium disappears from the solution and equivalent quanti- 
ties of other bases appear in the solution. If the solution is then replaced 
as by leaching the soil with pure water, the new solution f ormed from the 
contact of the water with the soil gives an alkaline reaction and the soil 
manifests symptoms which we designate as ''colloidal.” 

These phenomena may be explained by saying that when the solution 
containing sodium was in contact with the soil some of the sodium of the 
solution entered into combination with the silica of the soil and replaced 
from combination other bases; also that the silicate compound resulting 
from, this exchange reaction remains insoluble ^and inert as long as the 
solution with which it is in contact contains quantities of the' strong 
acid ions — sulphate, chlorin, or nitrate. ' Finally, if this solution contain- 
ing one or more of the strong acid ions be replaced or diluted by pure water 
then the sodium silicate passes from its. previously inert or flocculated 
■ ' condition into a dispersed condition. In this latter condition it exhibits 
the properties' of a colloid in that it' may form a hydrosol or a hydrogel. 
In the condition of a hydrogel it absorbs and ffiolds water, thus making 
the soil impermeable to the movement of ■' water through it, and wffien its 
absorbed' water is lost by evaporation the gel cements the soil particles 
together into solid masses. 

' It should be dearly understotKl. ■ that- the above explanation of the 
phenomena that may be observed from the treatment of a soil with a 
solution of a sodium salt' is proposed merely as a working hypothesis 
', and' not' as a ' statement of 'facts.. ' The facts rem.am to be established by' 
.further 'investigation, 

; In view-of what is known it seems probable that a better tEnderstaGding 
' of the'’'eausal' relationship' between the character of the soil solution an.d 
the physical condition of the soil -awaits further information concerning 
those silicates of the soil that lie "-along ''the border line of solubility. 

'EFFECT OF raEUTINO'-.'-TKE ;..SOIb SOLUTION 

When the soil of an irrigated field contains 'Sp -much, soluble materia! 
that the soil" solution' is tob concentrated for normal, plant growth, the 
', only practicable remedy .is to apply an excess of irrigation water and carry 
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a part of the .salt away by leaching. . This can be done of course 'only, 
where the soil is permeable to water and where the' conditions of under- 
drainage are such that the soil does not become permanently saturated or 
water-logged. 

From this statement of the case, it might be inferred that the 'reclama- 
tion of so-called “alkali land"' is not a very serious undertaking. As a 
matter of fact, such reclaination has-been found to be very difficult if not 
impossible in some cases. On the other hand, there have been many 
instances wliere it has been both easy and successful. 

It is naturally a matter of a good deal of impor'tance to be able to 
determine in advance whether a tract of salty land can be reclaimed at a 
reasonable cost. The cost of providing drainage outlets and of preparing 
the land for irrigation may be large. ■ If this expense is incurred and it is 
then found that the land does not become productive as -a result of the 
work done upon it, the investment is lost. 

The essential feature of the reclamation of salty land is the dilution 
of the soil solution. This is done by applying water of low salt content 
to the surface of the soil, to soak down through, dissolving out the soluble 
materia! or displacing the more concentrated soil solution, and then' by 
providing drainage outlets for the salty water where such outlets are 
needed. In this process of diluting the soil solution in a salty soil the 
reaction of the soil to the change in the character of the solution is a 
matter of the greatest importance. It sometimes happens that this 
reaction is very slight; that is, that the physical character of the soil, 
particularly as regards its permeability to water, remains practically 
uncimnged. Unfortunately, this is not always true. There are many 
examples of attempt to reclaim salty s-oil by leaching that have been 
given up because when the concentration of the soil solution was reduced 
the soil became nearly or quite impermeable to the further movement 
of water through it. . , 

These differences in the reaction of the soil to the dilution of its 
solution have led to corresponding differences of opinion as to the possi- 
bilities of reclaiming salty land,. In ^me regions one finds that irrigation 
farmers are confident that such land can be reclaimed if adequate 
drainage is : provided and the land is . thoroughly irrigated. In other 
regions one finds an equally firm conviction that when a tract of land 
has once '' be-come salty it -is permanently ruined. 

' The fundamental reason for these observed differences in, the reaction 
of the soil has not been clearly understood, but more light haS' been 
obtained . as a result, of recent investigations. The reactions' .that 
■place in the. field may now be duplicated in the laboratory. , When, this 
is' done it is found that the differences- in soil reaction as the, soil so- 
lution is .diluted are associated with differences in the 'diaracter, of' the 
material'm the soil solution. 

'Where investi^tors workmg with.. :salty: »>ils'' have identified - only the 
.acids in.' the solutio-ny they -.have.' -observed that the .reaction towa,rd 
imjermeaM'ity has b^n -associated with a high proportion of carbonate. 
From this it has been inferred tlmt-sodium carboimte, .or'-‘*Mack alkali/® 
is the chief cause of the impermeability of the soil. 

Other investigators who have'- Mentified the basic- oonstituents of the 
,sofl , solution , .as well as the adds have .found that when these' 'bases, 
consist chiefly of calcium and magnesium the soil ' does 'not- -shoW' mu-ch 
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change in its physical character when the solution is diluted. On the 
other ,,^haiid, when the dissolved bases are chiefly sodium and. potassium 
the dilution of the soil solution is accompanied by a pronounced 
reaction of the^ soil that is manifested in several ways/ among which' 
impermeability to the movement of water is one of the most striking. 

Before undertaking a detailed discussion of the reactions that take 
place and the changes that occur in the physical condition of. the soil 
when the soil solution is diluted, it may be' proper to cite some examples 
of changes in the balance of the constituents of the solution that go on 
during the process of dilution. There are at least three, ways in which 
such dilutions' may be 'made in the laboratory: (i) By digesting similar 
samples of soil with different quantities of water; (2} by repeated 
digestions of the same sample, withdrawing a part of the solution after 
each digestion and replacing it with an equal quantity of distilled water; 
(3) by leaching a sample of soil with distilled water, analyzing successive 
fractions of the percolate. While none of these methods exactly simulates 
conditions that exist in the field, each of them gives results that contribute 
to an understanding of the reactions that may be brought about by the 
application of irrigation water to a tract of salty land. 

Reference has been made in a preceding chapter -to the fact that 
when samples of the same soil are digested with different quantities 
of 'water and a portion of the water subsequent!}^ withdrawn for analysis 
it is found that with some soils the apparent salt content is higher 
when a large quantity of water is used for digestion than when a smaller 
quantityis used. This phenomenon might be interpreted as indicating 
that some of the soluble material of the soil is very slightly soluble and 
that as more water is .used for digestion more and more of . this slightly 
soluble material comes into solution. 

This interpretation is not wholly satisfactor}^ because it can be showm 
that if the solution obtained by digesting a soil sample with a large 
volume of water is concentrated by evaporation, precipitation ' does not 
occur until the solution has become much more concentrated than the 
solutions obtained by using a smaller quantity of water for di,gestion. 
Furthermore, the known solubility under laboratory conditions of ' such 
salts as would be indicated from the constituents identified in the solution 
is much higher than is obtained from these digestion experiments. The 
implication is that some part of the soil, presumably' the clay, reacts 
toward some of the soluble constituents in much the same way as water 
does. The result of this reaction appears to , be to retard the passing, of 
these co,nstituents into the soil solution. . 

■ A .more detaEed discussion of these relationships between the soil, and 
its solution m.ay' be postponed for the. present until more of the pertinent 
facts have, been : established. .Some of these facts may be brought out 
by comparing, the character of' 'the solutions obtained, by, various tlilu- 
.tions. Tt can be shown that 'the mcre.ased diliitlon,.of „ the,, soil solution., 
with'. certain' types of soil not,. .'011.17 increases, the apparent salt content 
of, the ..soil 'but modifies the character of 'the solution In so far as, this,, is 
indicated"' by, the re',l,ativ.e,.p,r'Oportions of its eopstituents- 

Ab example of ■the,'se di'fferen.(^, in. the, quantity and character .of the 
material, dissolved, .from a ,soil ',by.’.differ.ent, quantiti'es. of water is ',showii, 
in Table X'¥II„I.' ' The soil,' used in this. ex,peri.inent was from ,an irrigated 
field in Arizona. ' The' solution of .this .soil sh„o-wed only traces, of, calciu,ni 
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and magnesium. The soil wnc TT^ 

with 30 per cent of water. This madf> supersaturated 

filter enough of the solution for ? ° ^ section 

digested with 40 parts of water. Tht lt soil was 

equal quantities of the same samnip r>f digestion of 

ranging from 40 parts per iwun^n ^ quantities of water 

*S»M with i L , AftertheS 

portion of the solution was with!? repeated shaking a 

w«e determinai by «vaTraS ohflysfa.'" The total sSids 

dned residue. The other conT+v”*^ ^®.°^Sanic matter by igniting the 
bicarbonate, chlorin, and sulphatl*^^”^^ identified were the carbonate, 


total ^Ud^lkngSplSs^d^a!'h^ t^Jescyil solution 
percentages oV&l 


on the 'balance of its comittuenis, the 

■'‘wetahto/fhir cr,n ^ 


y- 

Biliitio-Q ratio d w^ater to soil. 

'Total 

solids. 

Constituents as percentage of total solidi! 

SKr !co.+hco;| 

so,. 

Total 

adds. 

0.4 ; I . . i 

! 

a -6 j 


0.5:1 ] 

7 - ! A. - ■ ; - 




1.0: r. 

2.5*^.. 

5 -I-. . 
10,: I. . 
2 SM.. 


^Reported by I. KBreazealef 



61.4 

5^*4 
56. 6 
58. I 
$6- 2 
S 3- 4 


ma?S ?b2SS"r4‘'r' ?,*“ f‘ ““ ToaaUty of dis- 
per cent when 40 per cent ofwJlo^ quantity of soil increased from o 76 
2,500 per cent of wat^w^ S ^ when tte 

OTlution are reported in four groups-Sl™^’^^"* constituents of the 
nn and sulphate. When the^S^ ^^arbonates, chlo- 

observed reported as percentages 

the carbonates, show increSf 2^"^° the organic Matter Sd 

while the other two show '”th increasing dilution 

Se7r'^ percentage ofSf cLstitS 

while^the percentages of chlorin an^ ”g™ul soil it would be seen that 
for all dilutions, the percentage (Tn ®“^P^^te are practically the same 
^ COTt with 40 per cent of vrater matter increases from o.oss 

of water. The t° o-i7o per cent with 


..^iT t increase m the T wilii 2,500 per cent 

to o 22-^ marked, itefng°from^°^*^ bicarbonate 

' ¥+ * -5 ' per cent. ■ S^. nom 0.074 40 per cent 
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hraitate to make assumptions coneermW why investigators 

of soil solution' as it is. availflhiA ^^onceG'tratio'H'or character 

mabon is based upon the analireis nf° P^^^ their only infor 

— — — witn such a soil as that used in the 
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experiment just described, 10 per eent of water, would be enough to sup- 
port plant ^owth. With this quantity of solution' in the' soil it is not 
unreasonable to assume that the actud quantity of dissolved material 
per unit of soil would be even less than is shown with 40 per cent of water, 
and' this' solution would contain a smaller proportion of both organic 
matter and carbonate. 

From other observations that have been, made' on solutions extracted 
from irrigated soils it seems probable that under ordinary field conditions 
the soil solution will only rarely show a reaction, for normal carbonate, 
that is to say, will give a pink color with phenolphthalein. , ,On the other 
hand, it is almost equally uncommon to find a saline , soil' containing 
appreciable quantities of sodium salts that does not show such a reaction 
when it has been leached with pure water. 

In the experiment just described the original sample of soil was sub- 
divided and each part was digested once with a certain quantity of water. 
This method of treatment is one that is used in making analysis of soils, 
but it does , not correspond to anything that ordinarily goes on in the field. 
The second method of treatment referred to at the beginning of this 
chapter bears some, resemblance to the process of reclaiming a saline soil 
by repeated copious irrigations. 

According to this second method of treatment, a large sample of soil, 
3 kgm., was saturated with water, 900 cc., and the mixture was kept 
in a closed Jar for 24 hours with repeated shaking. After 24 hours a 
part of the solution, 120 cc., was withdrawn by means of a suction filter, 
and an equal quantity of distilled water was again added to the soil. In 
this way a portion of the dissolved material was removed with each 
sample of the solution, and with each withdrawal and replacement the 
solution became more dilute. 

The soil used in the present experiment was of the same type as that 
used in the previous experiment, though it showed somewhat less soluble 
material. The extracted solutions again showed only traces of calcium 
and magnesium, so that these elements were not determined quantita- 
tively. The analytical methods used were the same as those used in the 
previous, 'experiments.^^ The analytical results of this dilution experiment 
are shown in Table XIX. The total solids are given as percentages of 
the original soil and the constituents as percentages of the total solids. 

The successive withdrawals of the solution resulted in the gradual 
reduction of its concentration. This raiuction in concentrarion was ac- 
'.companied by a change in the proportions of the constituents, aS' shown 
in' the table, and also ,by a change in the physical character of the wet soil. ,' 
"It was observed 'that while the first wi.lli'drawals were made without 
difficulty the later ones were harder to get out, so that after thefourteeath 
extract the, ex',periinent had to be discontinued because the solution could 
no,, io'nger be obtained. ' 

In this' experiment, as in the preceding one, it was. found that .aS: th'C so'il'. 
solution' became more dilute the proportion of .d,issolved oragnic matter 
and, of 'Carbonate increased while the..proportio,n',of the cMorin and "the 
sulphate'' decreased,. ' The character, of' the solution at the end of the 
experiment, was very different from that at the beginning.. This difference 
,,itt , the character . of the solution 'Was'. also, nefiected in 'a change in the 
physical 'Character 'Of the soil. 


TMs,experim.mt was.,aL»tiiicted,.by J. F. Breazeai.c. wbo also ma,de, tise .analyses. 
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Tke conditioiis that obtain in the field where a s.aliiie soil is being re- 
claimed by leaching may be approximated most closely in the laboratory 
by using a glass pot, such as is shown in figure 4, or a glass tube partially 
filled with soil to which distilled water is added at the top. The water 
percolates downward through the soil, dissolving the soluble material, 
and is replaced by subsequent additions of water. ■ The soil solution thus 
replaced escapes below where it may be collected for analysis. 


Table XIX. — Effect of diluting the soil solution on the balance of its constituents, the total 
solids being expressed as percentage of ike dry. weight of the soil and the constituents as 
percentages of the iota! solids e 


Extract No. 

Total 

solids. 

Ccmstituents as percentage of total solids. 

Organic 

matter. 

C 0 . 3 -f 

HCO? 

2 

Cl. 

SO4. 

Total 

adds. 


O’ 49 o 

6.9 

9*4 

19. 2 

29- 3 

57-9 

2 

. 480 

7.0 

8.8 

1.6. 4 

32.6 

57 - S 

3 

.420 

8. I 

9. I 

15.4 

31. 2 

55 - 7 

4 - 

‘ 356 

7.6 

10. 3 

15 - 7 

31 - 8 

' 57 - S 

s---- 

.312 

8. 0 

10, 0 

45-2 

31-9 

56, I 

6. 

. 274 

8.9 

10, 7 

14. 7. 

31-4 

56. 8 


. 22% 

1 la 2 1 

11.5 ; 

4 

2 9. 4 

5^-3 

8...... 

.216 

la 2 i 

12. 0 

14. 2 ^ 

29. 8 

' 56. 0 



. 179 

I ia6 

14. 0 

14. 2 

28,4 

56.6 

10 ' 

. 178 ! 

! II. 6 

14. 5 

13. 8 

26. 7 

..' ' 55-..''0 

1.1. ' ' 

. 141 j 

1 ■ 17. 1 : 

14. 9 

13- I 

27. 0. 

55 - 

12 ........ ■ 

■ ^ 3 ^ 

14 - 5 ^ 

16. 0 

II, I 

24.9 

52. 0 

' ^ 

. iig ■ 

16. 8 

17.0'; 

12. 5 

22. 7 

52. 2 

I 4 .» 

. loS j 

16. 4 

i , 16. 0 ; 

1 : 

12. 2 

! ' ' 19 - 5 

47*7 


« Reported by J. F. Breazeale. 


This method of leaching soils is subject to the same difficulties in the 
laboratory as are met in the field. With certain soils the dilution of the 
soil solution is accompanied by a change in the physical character of the 
soil such that the rate of percolation is reduced to the vanishing point. 
Wife soils that show this reaction to a marked degree it, is no more 
practicable to conduct leaching experiments in fee laboratory than it is 
toTeclaim feem in the field. ■ ' ■ 

' It has, been observed by a number; of investigators that' when the soil 
solution contains a fairly high proportion of calcium and magnesium it 
is fMJSsible to dilute the solution ..without causing the soil to become im- 
permeable. ,' O'U the other hand, when the soil solution contains, a very 
low proportion of calcium and magnesium and a high proportion of sodium 
and, pot.assiiim the dilution, of the soil solution is likely to result in making 
the .'Soil nearly or quite impenu'eable to water. 

It has been shoivn that this c.ondition'Of potential impermeability may 
induced in .a soil feat is naturally permeable by the application of even 
.small quantities of' sodium, salts.,, ''Cummins. and, Kelley (6)' cite' a case: 
where fee application of sodium nitrate as a fertilizer to the, soil of th:e 
Citrus^ Experiment Station at/ Riverside,. Calif.,, .has'. .resulted in making' 
the soil b^ome "relatively impenii'eable to .water. 
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It should be definitely understood that there is a real distinction implied 
by the term potential impermeability as applied to irrigated soils. The 
same soil may be actually permeable and potentially impermeable. A. soil 
rarely shows swptoms of impermeablity while the soil solution contains 
a large proportion of dissolved material. The existence in the solution 
of appreciable quantities of such strong electrolytes as chlorin, sulphate, 
or nitrate appears to inhibit the soil reaction that makes for impermea- 
bility to water. This is true whether the solution is rich or poor in calcium 
and magnesium. Thus an impermeable soil may be made temporarily 
permeable by treating it with sodium chlorid or sodium' sulphate or by 
leaching it with a solution of these salts. On the other hand, such treat- 
ment would almost certainly make a soil potentially impermeable in that 
a subsequent dilution of the soil solution, as by leaching the treated soil 
with distilled water, would induce impermeability. 

In view of what has just been said it will be clear that experiments in 
the dilution of the soil solution by leaching, either in the laboratory or in 
the. field, may be expected to be successful only when the solution con- 
tains a substantial proportion of calcium and magnesium. Unless this is 
the case the experiment is doomed to end in disappointment. Even when 
this condition is fulfilled it is often found that the rate declines as the 
leaching goes on. But the decline is not likely to continue unless in tlie 
readjustments that take place the preponderance of sodium becomes 
large. 

; In the leaching experiments now to be described it will be observed that 
both the soils used showed large proportions of soluble calcium and 
magnesium. With one of the soils these proportions continued high to 
the end of the experiment. With the other it declmed as the experi- 
ments proceeded. 

The soil used for the first of these two leaching experiments was taken 
from an irrigated field in Arizona. When thoroughly dry it was puh^er- 
ized and placed in a glass tube of such a diameter that 1,000 gm. of the 
dry soil occupied about 16 inches of the tube. The bottom of the tube 
was stoppered with a perforated cork. The column of soil was then 
leached with distilled water and the percolate was collected in successive 
fractions of 50 cc, each. * ' 

These successive percolates were then analyzed with results as showm, 
inTableXX.^® The total solids are reported as percentages of thepercolate, 
and theconstituents that were identified .are reported as percentages of ' the 
total solids, As^ the leaching progressed the solutions obtained became pro- 
gressively more dilute and riie character of the solution w^as also changed. 
At first the chief constituents were calcium/^ chlorin, and .nitrate. After 
the 'fifth percolate, when' 250 ce. . of. winter - had passed through the. soil, 
■the nitrate practically disappeared.- The sulphate content of .'.the '■, first 
leachings was vo'y low. ' As:.the solution became more riilute the ae-' 
tual quantity of sulphate, increased somewhat, while . the' p.ropO:rtion of 
sulphate to the total salts, increased very greatfy.^^.. ■ 

,, w TMs aad the smalyses were ismle by J. F. ,Br«28eale- , 

^ 'iMieiatio ci caldiBn to niagnedmja.coiitiiitied Ite^jgsbaait 'ti&e eaqpiWE^eat to'be.ap|mraaii«tcly as'S to i. 
WBreasealfi has db®en?ed in., another exs>eriinmt. that . wlih« sitlphate is sdiihle to chstilled 

wati» to the extmt of .approximately 2.000 imrts pear itolHoti.'hs .sd'ulbiSty is redticed to the fw-esmee of 
caldujn chlcffid. ' With ad per cent €ai.dtn 3 a ehtorad- he .foixad less than sew partS'per 'jaillioB:' «. .dissolved 
caldoto. sulphate, .whSe with -a ...saturated soluUon'.df. caMum ..«hlcrM |opito'caMu».,»aiphate practi- 

cally tosolufole. 
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Table XX . — Effect of diluting the soil solution by leaching when ike solution is rich in 
calcium and magnesium-; 2,000 gm ^ of soil, 50 cc.fractio7is of percolate 


Percentage of constituents to total solids. 


Percolate No. 

T-otal 

solids.^ 

Ca 4 Mg. 

HCOs 

CL 

SO4. 

NO3. 

Total *' 
adds. 

I. 

37 - 38 

27. I 

2. 0 

35 - 5 

' 

0. 2 

5.0 

42. 7 


26. 5.2 

35-2 

2.3 

40.9 

•3 

5 *'^ 

■ 47 - 

3 ' • 

21. 57 

36.2 

2.6 

41. 2 

.4 

4.9 

49. I 

4 

10.95 

37 * 5 

4. 4 

44. 7 

•9 

6^3 

56.3 

5 

4 - 45 

2 a 7 

3-0 

42- S 

4. 2 

5 - 9 

SS-6 

-6 

2. 82 

25*5 

1-5 

47.2 

4.9 

2. I 

51.8 

7 * • • 

2.86 

22. 4 

.8 ; 

44. 1 

4. 0 

1.4 

50-3 

8 1 

2.04 

21.5 

1*3 

43*0 

5*9 

Tr. 

SO. 2 



I- 34 

24. 6 

2. 0 

38. 0 

10. 2 

0 

SO. 2 

10 

1 -83 

22. 8 

3.6 

30. 2 

19. 8 

0 

53-6 

II '. 

! • 57 i 

19* 4 

3.2 

23-3 

30*3 

0 

56- 8 

12 

|- -41 i 

2.1. 2 

6. 6 

7-5 i 

43. 2 

0 

S 7-3 

13 

i ' -32 I 

21, .6- 

7 * 5 

5 * 3 

46. 8 

0 

59-6 

14 

! . 21 ! 

24. 5 

11*5 

5*3 

45*7 

0 

62. s 

^5 

1 . 18 : 

i 

2 0. 7 

9. I 

2. 2 

40. 3 

0 

51-6 


^ In percentage ol Solution, including organic matter. 


The proportion of chlorin remained fairly constant until the tenth 
percolate when it began to decline rapidly. At this time the concentra- 
tion of the solution had been reduced from 37 per cent to i per cent. 
When the proportion of chlorin began to decline rapidly the proportion 
of carbonate and sulphate began to increase correspondingly. This 
sequence of changes in the character of the solution obtained from 
the same sample of soil as a result of leaching illustrates what may go 
on in a field that is being reclaimed by the same process. The leaching 
results not only in reducing the concentration of the soil solution but 
also in changing its character. This change in the character of the soil 
■solution appears to be associated . with what may be termed the relative 
motility; of the various constituents of. the solution. Certain of these, 
such as ■ the nitrate and the chlorin, move through the soil very readily, 
while the sulphate and the carbonate are more sluggish. 

In the leaching experiment Just described the soil solution was at 
hrst highly "coiiceatrated, and this concentration declined very rapidly 
with eahh successive fraction of the percolate. The conditions of that 
p:periment differed from' conditions that ordinarily exist in the /field 
iu' that ' When the leaching began the soil in the tube -was entirely dry. 
In an' irrigated field the moisture- content of the surface inch or' two may 
'be '"'lo'W, '"but'; below that, one finds moist-, soil. , The application of water 
to 'the'' top of a coluinn of dry soil brings' into solution at once a, large, 
.part of the. soluble material contained' 'in the upper part'- of . the colum-n. 
■'As the resulti'ng solution moves' downward.it continues to take up more 
soluble materid until it reaches'.'the bottom ' of /the; 'Column and "emerges 
as percolate. Each successive f faction of the descending column -of - water 
would^mme in contact with soil from which a large part of the soluble 
material had been removed, and 'the conc^tration of each succeeding' 
fraction would be correspondingly reduced. 

The conditions of this leaching experiment also differed from' conditions 
-in the field in -that the soil in the tube had been thoroughly ''mixed when 
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placed in the tube and the soluble material was presumably distributed 
evenly throughout the mass. In the field, where water is lost by evapora- 
tion from the surface layer of soil there is. usually found an accumulation of 
■soluble material at or near the surface. When water is applied this passes 
into solution and moves downward with the water. 

In order to approximate these field conditions somewhat more closely 
another experiment was set up. ■ ' The soil used was ,a. permeable sandy 
loam from the Nexvlands reclamation project in Nevada. ■ The leaching 
was done in glass pots, like the one, shown in figure 4. Four pots were 
used, each containing 200 , gm... of soil. The soil was, first moistened 
thoroughly and allowed to stand for some time to establish conditions of 
equilibrium between the solution .and the soil. Each pot was then 
treated, with i gm. of sodium chlorxd which was mixed into . the moist 
surface soil so that it might go into solution. The soil was then 
leached by adding 10 cc. of distilled water to each pot. The percolate 
from each leaching was collected below and analyzed, with the results 
shown in Table XXL 


Tablu XXI . — Effect on the balafice of ike constituents of diluting the soil solution by 
leaching, the total salt being expressed as percentage of the sohiUon and the consiilu- 
enis as percentage of reacting values based on the total acids 


Xreadbiiig: No. 

Total 

salts.® 

Percentage of reacting values. 

r Ca. 

rHCOi. 

rCI 

r S’Oi 


0.295 

33 * 4 

6. 8 



, 2. 3 

91.0 


I- 525 

34. 6 

1.7 

80.3 

i,8,''.o 


I- 6oq 

33* 2 

.8 

. 80. 0 

' ' 19,' »' 


2, 160 

30.4 

. - 6 

86.7 

’,,’ 12 .. ,7 



1. 840 

29.4 

’ • 7 

87-3 

12. O' 

■6 

1*575 

29.4 

.8 

86 . 7 

' 12 . 5 


I. 440 

29. 7 

I. 0 

85, 2 

13. 8 

. 8 .. 

, r. 185 

24. 5 

I. 2 

831 

1 . 5 * 7 

9 * 

• 905 

21. 6 

3 * 5 

80. 0 

18.5 


• 725 

! ’ 3:3. 3 

i 3*6 

’, 75*2 : 

.' * , 21. 2 


- 600 

i Lv 5 

1 3 * 3 i 

72. ’6 : 

24. 3 


. 480 

12. 4 .' 

■ . 5 - 5 i 

69. 0 1 

. 25.. 5 

13 - 

i . 340 

‘ 10. I 

! 3: 1 . 3 i 

67. 5 '' 

21. 2 



• 265 

i’ "8.5 

^ ' ' II. S i 

64,. 6 : 

23- 6 

3 C 5 

.230 

i . 11. 5 

. 2a 5 

60. 2 1 

. 19 ’ 3 


: ■ m 

8. 9 

: , 23* 2 1 

6a 2 1 

■16.6 

17................,.'.'.,....,. 

’ .150 

1 8.7 

r" ’ 33-4 i 

,54.2! 

12. 4 


I ' ■ '• ^27..; 

7 *' 3 . 

1 ,34.2 i 

56.2 j 

9. § 


® Dttetiniiied by elfjctricsd resistance. 


While , the ratio of water' to soil for' eacli fraction of the percolate was 
the same 'in this experiment as in the preceding one, the rate of leaching 
wm different in that each successive application of water was made 
only after , percolation from , the "previous . application had ceased. Often 
the pots stood overnight between '.’leaching,, so that diffusion tended to 
equalize ■ the ' distribu,tio,n of the solution constituents and retard the 
rate'',of dis'placement. ,, These,,' conditions '.resulted, 'In a. much slo'wer'rate 
of' decline, in. 'the ^eoncentration of;,th,e„',.sucees.sive' „percolates, than' , .that 
.shown in the preceding experiment.’ 

,; The , addition of the' .sodium chlorid ,to the, 'Solution ■ at, the beginning 
of 'the, experiment: also ’.caused some ’.si^iificant,, changes in, the:.,so!uti0tt.. 
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It ' would be Datura! to expect that succeeding percolates would show a 
large increase in the proportion of chlorin and consequent decreases in. 
the proportion, of carbonate and sulphate. The actual quantities ■ of 
carbonate and sulphate in the solution were not ■ at first materially 
changed. This was not true with the calcium.^^ \’\TLile the first per- 
colate after the addition of the sodium chlorid showed no pronounced 
change in the proportion of calcium to the total salts, the actual quan- 
tity of calcium in the solution increased from less , than 300 parts per 
million to more than 1,600 parts per million. This reaction by which 
sodium added to the soil solution tends to replace combined calcium will 
be discussed later. 

As these leachings continued the concentration of the percolates 
became gradually reduced, the proportion of calcium declined rapidly, the 
proportion of the chlorin declined also, but less rapidly, while the pro- 
portion of carbonate began to increase as the solution became more dilute. 
Not only did the proportion of carbonate (identified in the solution as 
bicarbonate) increase as the percolates became more dilute but the 
actual quantity increased also. The first percolates showed 120 parts 
per million of HCO3, while the final one showed 450 parts per million. 

These various experiments in diluting the soil solution all show that 
such dilution, by whatever method it is accomplished, does not operate 
in the same way with the different constituents of the solution. The 
evidence available appears to justify the inference that there are con- 
tinuing reactions between the soil and its water, so that the character 
of the solution is essentially -modified as its concentration changes. 
These reactions between the soil and its water appear to operate not 
only to infiuence the character of the solution but also to influence the 
physical character of the soil in its relation to the movement of water 
through it. It is well known also that these changes in the physical 
character of the soil are manifested when the soil is dried. The same 
physical condition that retards the movement of water through the soil 
causes the soil particles to become cemented together into a solid mass 
when the water is lost by dr5fing. Soils that are readily permeable to 
water usually crumble on drying. ■■ 

EXCHANGE REACTIONS IN THE SOIL SOLUTION 

The leaching of a saline soil in the field must be done ordinarily with 
irrigation water.' Such water always contains some dissolved material 
derived from its contact with the soil. When it is obtained from wells 
or from most streams the water is itself a soil solution. The character 
,'Ol this solution is a matter of large importance. Its use on the land may 
result in' a complex of conditions' wholly ■ different from' the one already 
emting. In tMs respect again leaching experiments in the field are 
likely.to'dlfferfrom those conducted in the laboratory, 

; 'It',' "has been noted above .that 'certain changes in, composition of the 
soil' solution "take place whC'n the' concentration is changed, as b)^ the 
addition of pure, water. 'When, another solution' is added tO' the one 
already present in the soil, the'' reactions that foBow , involve not only 
the two solutions but the soil also takes- part in" them." 'Certain constitu'- 
ents in the blended solutions may'''be- taken up- by the' .'soil and .other 
constituents be released from' combination 'with the^' soil , 'a,nd pass into 
solution. 


^ In tlrtae sdatiaas tlie propqctioo <5l saagnratea was so low as 'tO' be ncirliii'ble. = 
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In, the second of the two leaching experiments described on the pre- 
ceding pages it was shown that the addition of sodium . eWorld to the soil 
solution was followed by a pronounced increase in the quantity of calcium 
in the solution. ■ This phenomenon, which has been called the exchange 
of bases, is one that has been reported upon by several investigators^® 

The exact, nature of this ■ phenomenon has not been determined. It 
has been observed that exchanges take place between the basic constitu- 
ents of the soil solution and the basic constituents of certain insoluble 
or very slightly soluble substances in ,the soil. These exchanges of basic 
constituents that take place between the solution and the soil are prob- 
ably more important in their effect on the physical properties of the soil 
than are those changes in the proportion of the acid constituents that 
have been discussed above. Until the nature of these reactions is better 
understood it is not possible to do more than speculate concerning their 
processes or their exact character. The results may be recognized with- 
out difficulty. 

When a soil is treated with a solution of a sodium or potassium salt 
that is more concentrated with respect to these elements than the 
solution already present, a part of the basic element is withdrawn 
from the solution and its molecular equivalent of other bases passes into 
solution from combination with the soil, until a new condition of equi- 
librium is established. Similar reactions take place when other basic 
elements are used, such as calcium, magnesium, iron, and aluminum. 
The consequences of these exchange reactions is to modify the character 
of the soil as well as of the solution. 

These exchange reactions proceed in the direction of establishing a 
condition of equilibrium between the soil and its solution. It has been 
found that a limit may be reached beyond which no further reaction 
takes place. With the soil as with the solution when the limit of satura- 
tion is reached reaction ceases. A soil is said to be saturated , with 
respect' to a certain basic element when it ceases to show an exchange 
reaction except when the concentration of that element in the solutioii 
is increased,.. . 

The results of these exchange. reactions, on the physical properties of 
the soil' are strikingly different with' the different bases. With respect 
to their effect on the soil the bases- .that occur most commonly in the soil 
solution fWi into two groups. These -/groups are sometimes design'ated 
as the alkaline and the earthy bases, ’ The alkaline group includes- sodium, 
potassium, and ammonia. The earthy group includes calcium, -magne- 
sium, Iron, and aluminum. While it m.ay be possible to distinguish 
between the reaction effects produced in the physical condition of the 
soil by elements of the same group,' these differences if .they exist are 
very slight as compared with the differences produced by representative 
elements .of each. In order- to simplify’ the discussion of ' the effects pro- 
duced by the elements of each, group on the physical eoadition. .of , the 
soil, 'One. element from each may be taken as typical... " Thus the 'alkalliie 
group may' be represented 'by sodium 'and the ear'thy gro-up bj' calcium. 

Brfore proceeding to discuss in detail the effects on' tiie' physical' prop- 
erties of the soil of the exchange reactions between ' sodium ;and calcium 
it may be well to establish' more definitely the fact'-that -such 'exchange 
reactions.' acttmEy take place. Evidence -on this point has , been contril- 
uted by a number of investigators, but its interpretation, has been 


- ^ See: Way, J, 'Knoosias (ai, aa), and. Gsbroiz, K. (o). A ccmswelitamve biblk^rapliy this mh- 
ject 'is given by Cummina and Xdl'Cy 0). ■ 
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confiised by many authors who have held the view that the soil absorbs 
substances from solution and who have' not been clear that such ^bsorp- 
tion constituted but one part of an exchange reaction. The results' of 
expeiiinents which show quantitatively the extent of such exchange 
reactions are not numerous, probably because many investigators do 
not make quantitative determinations of sodium in the course of their 
experiments. The early experiments of Way (ai, p, 332,^34) showed 
that when a soil which contained only traces of water-soluble calcium 
was leached with solutions of potassium and sodium salts the percolate 
was practically free from potassium or sodium but instead contained 
calcium in abundance together with the acid radical contained in the 
original leaching solution. 

More recently Gedroiz {8) has shown that a soil which would give up 
to 20 consecutive digestions with water (ratio of 5 : i) only 0.176 per 
cent of CaO gave from similar treatment with a normal solution of sodium 
chlorid 1.244 per cent CaO. In a later paper the same author (9) de- 
scribes an experiment in which a sample of soil was first digested 
repeatedly with solutions of sodium chlorid until equilibrium was estab- 
lished between the solution and the soil. The soil was then washed, 
dialyzed, and dried. The treated soil was then analyzed by digestion 
with 10 per cent hydrochloric acid and its calcium content compared 
with that of the original untreated sample. The original sample con- 
tained 1.36 per cent CaO extractable by 10 per cent hydrochloric acid, 
while the sample that had been brought into equilibrium with a normal 
solution of sodium contained only 0.36 per cent CaO e^iitractable in the 
same way. This result indicates that the absorption by the soil of a cer- 
tain quantity of sodium from the solution of sodium chlorid had resulted in 
releasing into solution I gm, of CaO or 0,715 gm. calcium from xoo 
gm. of soil-' ' 

The quantity of sodium that was absorbed by the soil during the 
treatment' described was also determined' by analyzing samples' b^ore 
and 'Ufter treatment. These analyses showed that the original soil con- 
tained 0-05 per cent Na^O, while after treatment with the sodium-chlorid 
solution' it' contained 1.42 per ' cent. This is equivalent to 1.016 gm. 
of sodium, absorbed by 100 gm. of soil. 

■The,' absorption of this quantity of sodium was accompanied by the 
,rele'ase of , other bases than calcium from combination with the soil. 
Two' of these, iiiagnes,ium and potassium, were identified by the analyses. 
It, W'as found that the absorption of 'Sodium had caused the release of 
'0.i'2,:per' cent of 'MgO' and of 0.03 pS: cent of KgO. ' The analytical results 
■of this experiment are summarized in Table XXIL ' 

T'ab,1S 'KXIl.-—Pwc€nia^es of combined (not water soluble) bases in a sample of Russian 
"' earth in its ori^mal condition and after’ being brought into equilibrium with a 

' ■ normal so Imiiom of som 
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The soil used by Gedroiz in this experiment was rich in combined 
calcium and poor in sodium.' When treated with a solution of sodium 
chlorid its chemical composition with respect to these bases was pro- 
foundly changed. It was observed also that its physical' character was 
changed; but its characteristics' with respect to permeability before and 
after treatment were not reported upon. 

' Being already rich in calcium it would not be expected that the black 
earth with which Gedroiz worked woul'd' absorb much more calcium and 
thereby release other bases. The quantity of combined ' sodium' which 
it contained was so small that there was very little of It to be replaced. 

In another experiment reported by the same author a sample of the 
same black earth was treated with a normal solution of calcium chlorid in 
the same way as described above for the treatment with sodium chlorid. 
The sodium was not determined in the second experiment, but the quan- 
tities of calcium, magnesium, and potassium extracted from the soil by 
10 per cent hydrochloric acid are reported in Table XXIII, 


TABrn XXIII .- — Percentages of combined {not water soluble) bases in a sample of Russian 
black earth in its original condition and after being brought into equilibrium with a 
normal solution of calcium chlorid ® 
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The results of these experiments show quantitatively the exchange 
reactions that may take place between the bases combined in the soil 
and those in solution in contact with the soil. 

The fact that such ;exGh.anges take place has been observed by several 
other investigators. ' It is obvious -thatVsuch reactions take place in an 
irrigated field, - as will be made apparmt by comparing the composition 
of the irrigation water applied to a field and the drainage water discharged 
from it: ' , 

THE; COMBINED BASES AND PERMKABIklTY' 

■ In 'discussing the reactioi^ of the basic 'dements that, exist in. the.pil 
solution it is convenient to recognize two groups— the alkaline^'^wMch 
includes' sodium, potassium, and ammonia, and the earthy, which in- 
cludes, calcium, magnesium, iron, and aluminum. The elem^ts^ of both 
groups may take part in exchange reactions between the solution and the 
soil. The effect of such reactions on the side of the soil is to., produce one 
set of ' phy,sicai 'Conditions when ' the combination is with ■ the'' 'alkaline" 
bases and a very, differait set of ^conditions whm these, are'' replaced ' .by ■ 
I;: the earthy bases.. , ^ ^ 

These' differences in the physical condition of the -soil are manifested 
' conspicuously , in at least ■ three ways — ^in permeability to water, in 
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turbidity of tbe water extract, and in cementation on drying. When 
the preponderance of combined bases, is with the alkaline group the soil 
is , less permeable to water, the soil extract is more turbid, and the soil 
tends to cement together on drying. When the preponderance is with 
the elements of the earthy group these symptoms are manifested in the 
opposite direction. 

It should be kept in mind that the full development of these S3miptoms 
in the direction of the alkaline response does not take place while the 
soil solution contains large quantities of the stronger acid electrolytes, 
such as chlorin, sulphate, or nitrate. In other words, the presence of 
these acid electrolytes in the solution tends to prevent the manifesta- 
tion of the physical effects that follow the replacement of the earthy 
bases by the alkaline bases in the soil combination. The removal of 
these dissolved acid ions by leaching the soil or the dilution of the soil 
solution permits the physical effect of the combination of the alkaline 
bases wi& the soil to be shown. 

The replacement by an alkaline base of the earthy bases combined 
with the soil and the effect of this exchange on the permeability of the 
soil may be observed by following the course of events in a simple leach- 
ing experiment. In such an experiment a soil of good permeability should 
be us^. It should be treated with sodium chlorid or sodium sulphate 
or leached for a time with a solution of one of these. It should then 
be leached with distilled water to remove the acid electrolyte froip 
the soil solution. An examination of the percolates obtained from the 
leachings with the salt solution will show that these differ from the 
solution applied to the soil in that they contain less sodium and that this 
decrease in sodium is made up by other bases, chieSy calcium. After the 
teachings with distilled water are begun the percolates become more 
dilute and the percolation rate becomes much slower and may cease 
altogether.; • 

The same physical condition of the soil that makes for impermeability 
to water is also shown by increased turbidity of the water extract of the 
soil. This may be demonstrated by taking a small quantity of soil 
used in the leaching experiment Just descried and shaking it up with 
water. The use of lo parts of water to i part of soil gives a good example. 
Another sample of soil taken after the leaching experiment is completed 
and treated with' water in the same way shows the contrast in the turbid- 
ity of the extract. These differences in turbidity of the water extract 
of a sample of salty before and alter leaching are shown in figure 6. 
Each of the tubes shown in the figure contained 5 gm. of soil and 50 cc. 
of water. After the mixture was thoroughly shaken, the tubes stood for 
two days before the photograph vras made. In the tube, at the right 
which contained the unleach^ soil the solution cleared within a few ' 
mkiates.' In the other tube only the larger ■ particleS' settled, out, ' the 
fine':' material remaining suspended in the solution. 

■The differences in the cementation . properties of a soil in which the 
ear&y bas-es: have been replaced -by "an alkaline base may be shown by 
drying a sample from the leaching- experiment described above and 
comparing it with a sample of - the oiiginal soil that has been saturated 
but not leached. Such comparison shows that the alkaline treated soil 
becomes harder on drying than the original permeable sod. 
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LEACHING vSALINE SOILS IN THE FIELD 


In tie ordinary practice of irrigation "the aim is to apply the water 
uniformly to the surface of the land* To this end various methods of 
distribution are resorted to, such as furrows, checks, borders, basins, and 
contour ditches. In preparing the land for irrigation a good deal of 
labor is devoted to leveling the surface, so that a uniform distribution of 
the water may be accomplished. The implication is that if the water is 
applied uniformly to the surface it will soak into the ground with equal 
uniformity in each check 
or along each furrow. 

As a matter of fact, this 
does not happen. The 
soil as it occurs in the 
field is anything but uni- 
form in texture and in 
permeability. These 
differences are- often 
very great at points only 
a few feet apart. When 
this is so it is not to be 
expected that water ap- 
plied unifonnly to the 
surface of the land will 
penetrate the soil to the 
same depth in all parts 
of the fi^d. 

An example of the 
differences that may be 
encountered in the pene- 
tration pf water applied 
to a well-leveled check 
is shown in Table IV and 
illustrated in figure 2. 

This example is taken 
from the Newlands 
Experiment Earm i n 
Nevada. The observa- 
tions were made at two 
points hi' the' same check 
r:'dnly 15'Teet apart. -At 
"■one of these .points the 
: water did not .penetrate 
beyond the first foot, 
whfie 'at, the .other it 
Teamed' "the third foot 
and may have passedon into the fourth. Similar instance of differences 
■of penetration .may be .obsowed in any irrigated field. 

Such ' differences' in the characto' ■ and pauneability of the con- 
stitute one of the most s^ouS' problans in irrigation, both as regards, the 
watering of crops and the prevention or remedy of the accumulation in the 
soil of injurious quantiti^ 'Of soluble material- 

If "it were possible to bring about a uniform penetration of irrigation 
water iU" the field' there would be no such thing as the accumulaticm' of 
81990— 2A—~4 . 


Fig. 6 . — Turtadity ol soliaticai Ircmi the same soil ||No.: 369) bAi»' 

. and afto* Ixi esLch ^case tli'e tube cqntams.s. »il ' 
in jfo cc, of ■ water. Tiie tube at tbe tigbt ceotatM^ tmtowted 
■ wiadt earned « 'pear cent of salt, riie tube at tlie kit cwitains a 
■sample of- tbe same soil' after leacbmf. Tbe raawval of ibe salt ■ 

' by .leatdiiiije bas .cau^ a marked and persistmt tiiibkStar* 
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those soluble substances that cause what is known as the alkali problem. 
Were it possible to obtain even approximately uniform penetration of 
water the soluble material w^ould be carried downward with each suc- 
cessive irrigation, and the subsoil accumulations could be , removed by 
artificial drainage where the natural drainage conditions were inadequate. 

With conditions as they are, such that the water penetrates readily in 
some parts of the field or check and very slowly and only to a short dis- 
tance in other parts, there is a tendency for initial diversities to be ex- 
aggerated with the passage of time and with repeated applications of 
water. ■ The water that , is applied to the field carries some dissolved 
iiiateriah of ten substantial quantities. Some of this water is used by the 
growing crops, but a large part of it is lost by evaporation from the soil. 
In either event the dissolved material is deposited in the soil. Where the 
conditions of permeability arefgood and an adequate quantity of water 
is applied there is at least a small surplus to percolate downward beyond 
the root zone and beyond the range of evaporation. In those spots in 
the field where the soil is less permeable, the soluble material accumulates 
in the surface soil or at the lower limit of w^ater penetration, with the result 
that these spots may finally become unproductive. 

The recognition of the existence of such conditions of diversity in the ~ 
pei'meability of the soil is essential to an understanding of how irrigated 
fields become unproductive and why it is often found to be difficult to 
reclaim such fields even when irrigation winter is used in excess of crop 
requirements and evaporation losses. A field of saline soil may be 
provided with an adequate drainage system and may be heavily irri- 
gated, There may be a free discharge of water from the drains and yet 
a large part of the field may remain unproductive. (See PI. 2, B.) 

An investigation of such a situation is likely to show that the leaching 
effect of the irrigation is confined to those spots where the soil is per- 
meable. In the remainder of the field the water is not moving down- 
ward but is held in the soil except to the extent that it is lost by evapora- 
tion betoeen irrigations. In fields where the differences in the perme- 
ability of the soil are not very pronounced, a protracted period of leaching 
may be effective in removing the soluble material from all parts of the 
field. This reclamation may be hastened wherever it is possible to hold 
the water in place by a system of interior borders that will tend to equalize 
penetration by holding the water longer on those spots where it soaks in 
more slowly., ■ 

It is well to recognize that there are at- least two' different sets of con- 
ditions involved in differences in permeability. One of these has , to <|q^ 
with the texture of the soil, and the other has to do with' its physical con-^ 
dition which is largely influenced by the, character of its combined bases; 
that is Id say, a soil that is made up largely of clay and fine silt is less per- 
meable than a soil composed largdy of- sand, providing both types are in 
the 'same'. condition as regards their, combined bases. When a cheek or 
border .includes both t3rpes of soil: it is- well worth: while to subdivide it 
by, interior borders: which conform to -these differences of soil type. Such 
subdivision , makes for,:,econoniy in the use of water whetha: for leaching 
the soil or for irrigating crops, 

Where the differences in permeability within a border are due chiefly 
to the physical condition of the soil resulting from the character of the 
combined bases it - is ■ possible to obtain more uniform " penetration of ' 
the water by making local applications of salts 'that , will improve the 
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physical conditioiis through . the^ exchange reactions described above. 
For this purpose such salts as calcium sulphate (gypsum) or aluminuin 
sulphate are among the most available. Of these two salts gypsum is 
the cheaper and more generally accessible. It has the disadvantage of. 
being less soluble than aluminum sulphate and consequently of reacting 
■more slowly. 

The beneficial effects that follow the use of gypsum on soils that do 
not take water readily have long been known, and this salt is extensively 
usM on irrigated land. The assumption that the physical' condition of 
the soil that is associated with slow permeability w^as due to the existence 
of sodium carbonate in the soil solution made ' it natural for earlier 
investigators to explain the effect of gypsum as a reaction with sodium 
carbonate. When solutions of sodium carbonate and of calcium sulphate 
are brought together a reaction takes place by which, calcium carbonate 
is precipitated from the solutidh. It was assumed that a ' similar re- 
action takes place when calcium sulphate is applied to a soil. It is not 
essential in the present connection to decide whether the calcium applied 
as, gypsum reacts ,wdth substances- in the soil solution, or takes part in 
exchange reactions with the soil. The obvious fact is that the applica- 
r, tion of g3^sum to a soil that' is slowly permeable to winter ' generally 
results in its improvement. ' 

It has been noted above that gypsum is not very soluble and' that' its 
effectiveness is limited on that account. It requires about 500 parts of 
water, to dissolve i part of gypsum under favorable conditions. In 
many situatio:ns this low solubility is not a, serious disadvantage because 
the reactions in the soil may go on slowly and be long continued,. Where 
the conditions' appear to require more effective action th,aii may ,,'be 
obtained from gypsum it is possible to. use calcium in a more soluble 
form^ as calcium chlorid or calcium nitr.ate or to use aluminum sulphate. 
This latter salt which occurs in nature in limited quantities is also manu- 
factured for use in industry - and for clearing turbid waters for -domestic 
and industrial use. It has been ' found that aluminum, like" calciuin, 
reacts through the soil solution with the soil to modify its physical 
I'condition (9, 15). 

In the application of these salts to the soil in the field it vrould seem 
advisable to liAit their use to those spots .where the soil is -Impermeable 
rather than to apply them to the whole field. The end sought for is to 
obtain ' more uniform conditions of water penetration., and this enrf may 
,, be -attained ■ more e-conomically by confining the treatment to the spots 
^ ,that show the need of it. , After a .field has been irrigated an explorati-on 
* of it', using a sharp pointed' steel -rod or a .soil augur, makes it possible 
to- locate the spots where the water. has not 'penetrated to the depth 
- ' desired. These spots may then be given appropriate, treatment. 

- '-. An example of tiie effect of an application of aluminum sulphate to 
inct'-ease the ' permeability , of the s-oi! is- shown in Plate i. The field in 
which this '''-'experiment w.as made is 'at Sacaton, Arix. A number of 
borders in this field included "spots -on which th^^e was no crop' growth, 
though 'Other places in' the same -borders produced good crops. In the 
experim-ent. illustrated in the figure two' small basins were made side 
- side in one of the bare spots. To one of these, the one shown on the 
lif right, 'aluminum sulphate was applied at the rate of 5 tons acre: 
'the other ,b'asin was .left untreated. ''The two basms were then irrigated 
with equal ' quantities -of water .about 3 inches in depth. The water 
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was absorbed in the treated basin within about five hours. ' The photo- 
graph shown in the figure was taken 54 hours after the water was put 
on. It shows that the water was still standing in the untreated basin 
while the soil in the treated basin was beginning to dry and crack. 

There is another condition of impermeability sometimes encountered 
in irrigated land that differs from those described above in that it occurs 
in a zone of limited thickness somewhat beloW' the surface of the soil. 
This condition, which has been referred to as ‘'hardpan'' or '“plowsole/' ‘ 
is sometimes found in soils that have not been irrigated,' and it also 
develops under certain conditions in irrigated lands (10). 

The formation of hardpan appears to be due to the precipitation of 
substances from the soil solution at the point below idle soil surface 
where evaporation takes place. Such precipitation may be due in part 
to evaporation and in part to the loss of carbon dioxid from the soil 
solution. The formation of indurated layers in the soil, sometimes 
referred to as caliche/’ is probably due largely to the escape of carbon 
dioxid and the consequent precipitation of calcium carbonate. These 
subsurface impermeable layers often interfere seriously with the penetra- 
tion of water. When they are not too thick and hard, they are often 
broken up by deep cultivations; otherwise blasting may be resorted to 
if conditions justify that expense. 

The existence of an underground water table in effect constitutes a 
barrier to the downward percolation of water through the soil unless 
the drainage conditions are such that the whole body of underground 
water is free to move. Furthermore, when the underground water 
stands close to the surface of the ground, it suffers losses by evapora- 
tion, and consequently deposits its dissolved material at the point where 
it evaporates. This deposition of dissolved material from underground 
water is one of the most prolific sources of trouble in irrigated land. 

The movement of water through saturated soil is usually very slow. 
Consequently, readjustments of underground water levels that have been 
disturbed by additions from percolating water are very sluggish. The 
rate of the^ readjustments is influenced by the same factors of soil 
texture and physical condition that have been shown to affect the move- 
ment of water through subsaturated soill In the abseijce of informa- 
tion to the contrary, we find it natural to assume that underground 
water seeks its level just as open water does. This is no doubt true, but 
it doeS' so very slowly. ' If' we make a survey of underground water con- 
ditlons in an irrigated field, we find that the upper limit of the saturated 
zO'Ue is not level, but that, in some places the free water stands' much-^-v 
Mglier than in 'Others. 

THE ACCUMULATION OF ' UNDERGHOUNB WATER''' " 

The occurrence of soluble material in irrigated soils in harmful quan- 
tities may be taken as a definite indication that the irrigation water does 
not move downward thorough the soil. It is obvious that if there were a 
cumulative downward movement of. water the soluble material would 
be carried away. It does not appear to be essential that this downward 
movement ^should be continuous or that any large proportion of the , 
watar applied to the soil should pa^ bdow the root zone. But it does^^ 
5»ein oertM that at least occasionaly some water should p^s on. 
Unlos this is so it is inevitable that in time, either near or remote, the 
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^ soluble substances brougM in by the irrigation water, together with 
those set free by soil disintegration, must accumulate to the point of 
harmfulness. Thus it may be said that for continued successful irriga- 
tion farming there must be a cumulative downward movement of water 
through the soil. 

In the preceding chapters attention has been given to certain factors, 
which contribute to a condition of the soil which hinders or prevents the 
normal downward percolation of water.. There remains to be considered 
another situation which is equally effective in preventing , such move- 
ment. ' This is the situation that exists when the subsoil is supersaturated 
with water. A large part of our irrigated land lies in the valleys of rivers 
where it is most convenient to divert water for irrigation. These valley 
N lands are very commonly made up of sedimentary deposits from the 
main stream or its branches, or from material eroded from adjacent high 
land. Only a part of the stream water is carried in the open stream bed. 
Another part, and often a very substantial part, is carried as underfloiv 
below the stream bed and under the adjacent valley lands. This under- 
ground water may occur as a continuous body extending to great depth 
and moving perceptibly though very slowly downstream, or it may be 

■ confined to certain underground channels of more permeable material, 

such as gravel or sand, which lie between islands of clay or fine silt in 
which no free or moving water is found. The diversion of stream water 
and its application to the valley lands very often results in adding to 
the supply of underground water to such an extent that the natural 
underground drainage ways are inadequate to carry it away. This 
results in raising the level of the saturated zone and necessitates opening 
new drainage channels if complete water-logging ot the land is to be 
prevented. . . 

In connection with a leaching. Vexperiment made on the Newlands 
Experiment Farm, Nev., in 1922, some observations were made which 
bear on this point. The field in which this experiment was conducted 
was divided into plats of approximately half an acre each. These plats 
were separated by parallel borders 85' feet apart. A large tile drmn. 
■'"had been installed some years earlier along the south side of this series 
of plats, so that one end of each plat was just above the drhin and the 
other end was less than 300 feet from it. There was a free discharge of 
■water through this drain and the tile was seldom submerged. At the^ 
beginning of the leaching experiment the water in the sand box of the 
drain at the west end of the s-eries,of plats stood at 3,955.8 feet above 
^ea 'level. ■ At the east ^end of the series it stood at 3 , 955-5 Though 

' the drainage discharge varied somewhat during ikt experiment, the, 
height of the water in the sand boxes changed but little. The ground 
surface in the plats ranged from Just below 3,960 to 3,961 feet afeove 
‘. sea level. Thus the wate in the drain ms about 5 feet bdow the ground. 

The ground-water conditions within the plats were observed by means 
of open wells set in the borders betwmi the plats. There was one Ime 
of wells across the north ends of the plats and -another line acrc^ the 
"south ends. These wells were cas^ed with galvanized iron tubing 3 inches 
in diameter. Being set in the plat borders they were protected from 

■ direct filling when the plats were irrigate!. During Ae progress of the 
^ leaching experiment it was possible to observe lie height of the ground 
' water as it was shown by these wells and to, take samples from time to 
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time for analysis. The' results of one series of these observations are 
shown diagraixiinatically in figure 7 for the north line of wells and in 
'figure 8 for the south line. ' 

These plats had been irrigated eaeh week during August and Septem- 
ber. Just after the imgation that %vas completed on September 30 the 
water stood in the wells as shown by the upper line in each figure. ' Six 
days later, on October 5, the water stood as shown in the middle line 
in the figures, while nine days later, on October 14, it stood still lower. 
There are' a number of points brought out in these diagrams that deserve 
tnention. Possibly the most striking thing is that the upper limit of 
the saturated zone was not level or even approximately so. Then, too, 
the Tate of subsidence was very different for the different wells. The 
variation in this respect was from 0.5 feet to 2.85 feet for the 15-day 
period. It may also be recalled that the south line of wells was located 



Tig. 7.-K5iomid-'water levels, . series Y north, Newlands Experiment, Earm; irrigated Sept.' aS 

to 30, 1932. 


only 15 feet from the tile drain in which the water was kept below 3,956. 
Inlonly two of the wells in this line did the water drop below 3,957. Th& 
salt content of the water in these wells as determined on October 5 is 
shown on the diagram. These figures show that in quality also the 
water differed from well to well. 

In the field in which these observations were made the underground 
wate has been for years not more than 4 feet below the surface. While 
&e soil in many large spots in the field has been so impermeable that 
imgation water could not get through it, there have been other spots 

mroilgli wMcii the water lias soaked down readily. The lateral movement 
of the underground water has been very slow, in fact, almost imper- 
ceptible. It is probable that the evajxiration losses from the moist 
soil when water table has teen high have resulted in concentrating 
the wlution fully as mhdh it has been diluted by such contribu- 
tion of irrigation water as have been made to it. 
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THE MOVEMENT OF UNDERGROUND WATER 

The water that accmnulates in the subsoil of an irrigated field is often 
thought of as similar to bodies of open water, such as lakes" or ponds, or 
as a continuotis body of uniform quality and that if it is tapped by a drain 
its quality may be determined by sampling the drainage water Just as 
we would sample stream that flowed from a lake. If it were desired 
to know the quality of the water in a lake it would not be thought neces-' 
to obtain samples from many different places in it. ' There might be 
slightdifferencesin thequantity or character of the dissolved materia! as be- 
tween the surface and the bottom of a lake or between points where' springs' 
or streams 'flowed into the main body of water. In an open body of water 
such differences are usually slight and they are still less in mo ving water 
such as streams. The movement of water results in thorough' mmng, 



Fig. S. — Gromid-water levels, series Y south, Newteds Experiment 'Faim; Sept. »8 

to 30, 1933. 


SO that a sample taken at one place in a stream is fou,nd to be much like 
a sample taken at another place in the. same stream. 

When we' find that a drain is drawing water from the saturated subsoil 
of ,a field :We are likely to assume that a sample of this .drainage water 
may be taken' as representative of the' accumulated subsoil' water "of Ibat 
fiiel'd.. As' a. matter of fact, a m'Ore detailed investigation of such a.situa- 
'tiott" would likdy .to show that samples of wata: obtained. "from .the 
saturated subsoil in different p:arts of the field contained very .different 
quantities of dissolved, materid. 

"The analogy of the drainage discharge from: an 'irrigated field is not with 
a stream disdiarging from a lake, but rather with a stream discharging 
from a swamp". In an open lake the. water is free to. move as in resfKMse 
to the' wind, while in a swamp the'm'Ovem€nt...of the wateris ■restii'Cted. 
by islands, and other barriers. " A stream may .flow through,' a swamp." by 
way of a number of channels and not come in contact m mix with wate 
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held in other parts of the swamp. When evaporation is going on rapidly 
the water in some parts of the swamp may become much more coiicen-' 
trated than in the channels through which the water is moving freely. 
Ill much the same way the water applied to a held by irrigation enters 
and moves, through the underground water in the more permeable chan- 
nels and passes‘out, in the drainage without necessarily mixing with the 
water held in the less readily, permeable areas of the subsoil 

The actual course and rate of the movement of underground water is 
not easy to observe. Under some conditions it has been found ^possible 
to estimate the rate and direction of the movement of what is called 
underflow^ by putting into it at some point, as in a well, a quantity of 
some substance, such as a dye, which could be identified in samples taken 
from adjacent wellp. Such investigations show that the actual movement 
of •water by underflo'w is usually very slow. The fact as to whether or 
not there is a definite movement of underground water with its conse- 
quent mixing and something as to the rate and range of such movement 
may be established by the chemical examination of a series of samples 
of underground water from any given' area. These observations as to the 
quantity and character of the dissolved substances, together with the 
fluctuatioiis in the elevation of the underground water resulting from, 
irrigation, give a clue as to the rate and extent of the movement of such 



Fig. 9. — Results oS an experiment cm the Frannie division of the Shoshone project, made in 

Becember, xgsu. 


water. Where it is found that the water taken at several points is similar 
with respect to its dissolved materials and that similar changes in level 
result from a common cause it may be inferred that there is a free move- 
ment. When the^ observations show; pronounced differences it may 
be assumed there is very little movement or that the movement is con- 
fined to restricted zones or channels. 

As an illustration of a situation in which there appeared to be very little 
movement in the underground water, a series of observations made 
on the Shoshone project, Wyoming, may be used. These observations 
were made by putting down a line of wells across the valley of a coulee 
around the head of which the Deaver Canal is located.^’’ The canal 
forms a loop at this point which is crossed by the line of wells as shown 
in figure 9. 

The wells were put down about 250 feet apart. The depth to water 
ranged from 2 to 10 feet below the land surface. The gradient of|the 
pi^e of underground water is such as to indicate an absence of equili- 
brium and consequently a potential movement toward the coulee. In 

Recnmatico Service, lex corxductme tbe 
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tlie diagram, which shows a cross section of the groiind in line with the 
wells, the position of the free water in each w'ell is shoim dri relation 
to the land surface. The proportion of the dissolved solids, or salt' 
content, of the water of each well is shown in figures below^ each well and 
shown also diagrammatically in the circles. It is apparent that the 
quality of this underground water is very different in the different wells. 
In the well at the extreme right, which is close to the canal, tlie salt 
content is very low. The next three wells show more salty water, while 
the wells on either side of the coulee are again less salty. The details of 
the analyses of the samples from these wells are shown in Table XXI¥. 


Tabi^E XXIV - — Quaiiiy of ' underground water on the Shoshone project, Wyoming, from 
a series of shallow weih 230 feet apart; colkcied hy lakish and analyzed by Breazeaie 


Well No. 

Total 
solids, per 
cent. 

Constituents as percentage of total solids. 1 

i 

Total 

acids. 

Ca+Mg. 

HCO1 

s 

CL 

, 

SO^. ' NOs. 

11 

6.031 

4 * 9 

I. I 

2.8 

58. 0 5. 1 

6'7. o> 

12 . ' 

j *572 

15*9 

3-3 

2. 0 

63.0 .! .9 

69. 2 

13 v 

•454 

19- 5 

9.8 

3*4 

S2- 5 Tr. 

^ 6 . 5 - 7 

24 - 

i 4 - 94S 

i 12. 5 ^ 

I, I 

■ 2,9 

! 6.2. 0 ^ 1 

i 66. D 


2. 4 t 2 

24. 8 ■■ 

• 9 

I. 4 

^ 64. 0 1 ' 

66. 3 

16 

6 . 4. >2 

i '12. I 

• 4 

I. 4 

1 '63. 0 ■ 

64. S' 


. 106 

1 16. 0 ; 

1 ' i 

22. 0 

Tr. 

! 49 - 0 ! 

71. 0 

^ * 




The results given in Table XXIV' tend to confirm the implication of the 
conditions shown in the figure, which is that the underground water is not 
moving; at least it is not moving in the direction of its’ gradient, ,,'The 
samples taken from these* wells differ profoundly not only as to quantity 
of dissolved material but also as to its character. Such differences could 
not exist if there were much movement of the water with its' consequent 
mixing. 

■ The condition of stagnant underground w’ater such as that just described 
-might be regarded as not unusual when as in this case "the land was not 
irrigated. The frequent application of irrigation water might be expected 
to result in time in obliterating such differences. The results of another 
series of observations made in an imgated field on the 'Newlands Experi- 
ment Farm, Nev., show that even where a field is irrigated frequently 
and copiously and. where. th,ere is a drainage system to carry away th.e 
surplus underground wmter the movement ■ of the water is very irregular 
and its quality is equally variable, at least for a long time. The observa-' 
tions. now to be presented were made in connection with the leaching, 
experiment referred to in the preceding pag^. .The field included 6 acres 
divided into 12 plats, each 85 feet wide. These plats' .have been irrigated 
almost continuously since 1908, but much , of ' .the soil has bem imp'er- 
'meable'and crop gro^wth has been very ’ irregular.. . A view ' of the crop 
growth on one of die plats in this field'is shown in, Plate 2,, A. ,,.,.I:n 1913 the 
accumulation of mmter in the. subsofi^ of this .field "had .reached,' such.'a point 
that drainage became essential and a tile' drain was. .' laid ' 'along'" the south 
side 'of the field about ^5 feet below. the surface, ' Notwithstanding per- 
sistent ■ efforts to improve the condition of the soil by careful ■ini.gatioii'. 
'.'and good tillage, "accompanied by manuring, and the use of gypsum, this. 
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field remains very in-egular in productiveness. There has been marked 
improvement in some spots, but in others the soil is still difficult to work 
into good tilth and takes water very slowly. 

In the early part of August, 1922, two series of wells were put down in 
this field. One line ran across the north side of the field and the other 
along the south side. The wells were set in the borders between the plats. 
The|wells ofjthe south line were set about 15 feet in from the tile drain. 
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These wells permitted observations to be made from time to time as to 
the height of the ground ivater, and samples of this water could also be 
taken. The results of the fimt set of oteervations, made on August 5, 
1922, are shown in the uppo: .diagram of figure 10 for' the nortii line 
of wells and in the .same position of figure ii for the south line, ' These 
diagrams show'ffiehdght of th^ ground water in relation to the ground 
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surface and also the total salts as determined by electrical conductivity. 
The' salt content is given in the figures and is also shown as segments of 
the circles. A full black circle would indicate 3 per cent of salt. 

In the spring of 1922 the field had been sown to oatS' and alfalfa. 
Prior to the beginiimg of these observations it had been irrigated as the 
needs of the crop indicated. Irrigation was continued after the observa - 

coA/roc/j? or o/poc/a/o tyrrrr ruGusr s - / 9 e 3 



coNTOur ww£3 Quri^/Tv or &roc/A/£> m9T£r m -/ 93 s 

sr/P/ro y soutp/ £:aao. 

3 


^09S0~ 

s 

^ 0903 - 




H+Hi ■ rh i 


i 






€)€)®(i)0(!)(!)0(i>(!)0®® 

W30 0933 0,3/0 0360 0036.00^3 0067 0033 0./3B 0/33 0/33 0,393 0/^0 

36XLT aa/VT£A/r 


COATr/X/TP A9A/0 Ot¥P/./Ty OT 3/PCM//VO /mrST rrOrOAP/PY 3 - /933 
337 P /33 K 30 cm¥ £A/£). 



tions were beguile but with the aim of putting, on all 'the water the land 
would take without injuring, the young alfala. ' , Nine, irrigations were 
applied between Augu'st' 5 and-'-’October ■ 15. ' All of ^the 'water^ applied' 
''"was held on' the plats to' so,ak m. , In 'these .platS' the texture of the surface 
soil is extremely variable, rangingfrom 'Coarse s.and: 'to' a /mixture of sand 
■and clay, in which the clay predominate. ■ The' subsoil conditions'are .no' 
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Fig, la.— Series Y ground waters in wells No. a N to 4 N and the intermediate wells on the 
Newlands project, October 19. 1932. 

show' that following an irrigation the water stood much higher in some 
wells: than in others and also settled away much faster. Even in the 
more permeable areas the rate of subsidence" was slow, averaging not more 
than 2 or 3 inches a day for' ihe first- week after the irrigation.' „■ During 
the period of frequent irrigations in this leaching ex:periineiit when the 
water was applied as. often, as once-each week' the ground 'water r^ained 
al»ut X foot higher than it had been before or than it subsided to' after 
the close of the irrigation period. ' - 

Ihe condition of height and salt content of the w^ater one month after 
the finm TOgation of the season is ^own in the second diagram of 'figure 
10, and figure ii. Although th^e plats had been copiously . irrigated 
smee the first of August and the drain had been discharging ■ water con- 
tmuottsly thare is s^em to be very Httle difference in the:s.alt content of 
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each well as between tlie August and the November obseiw-'Etions. There 
was no irrigation water used on these plats after October 14, and in fact 
none was used on the farm and very little was used on the whole project 
after that date. The discharge from the drain continued during the 
winter with a consequent lowering of the ground w'ater. Obsen^ations 
made on February 3,, 1923, gave results as showm in tlie diagrams at 
the bottom of each of the figures. In several of the wells the. water had 
fallen beloiv the accumulated sand _ in their bottoms and samples could 
not be obtained. These wells are reported as dry. The water in the 
other -wells showed slightly ' more salt .in February than in November. 
The differences as to salt content between the wells continued with very 
little change throughout the six months. 

The wells in this field were 85 feet apart and all of them penetrated 
into what appeared to be the same stratum of coarse water-bearing sand, 
yet the water obtained from adjacent wells showed pronounced differ- 
ences in salt content. This fact suggested the need of more detailed 



Fig.. Serks Y gxmnd waters ia wells Y 9 to Y it and the iatermedsate wells &a 'the Xewlands 
proiect October 19, 1922. 

exploration. To this end one section of each line was selected and three 
additional wells were put down between each adjacent pair of wells 
.already .set. This was done at the close of the irrigation season when it 
was possible to obtain samples of the underground water with'OUt d,anger 
■of direct .inflow from.inigation.' The new wells ivere only 2'i.'feet .apart. 
Observations as to depth to water and salt content were then inade.i with 
the results' as shown in the accompanying' figures. 'Conditions, in "the 
north, line from well NO'. 2 to well No.. 4 are 'shown , in figure la, and con- 
diti'Ons on the south, line from' well No.' 9^ to well No. 'ii' are shown in 
figure 13, ,. These results show that even ,wh€n the wells are" only 21' feet' 
apart , they show very pronounced differences; both as to the ^'Iieight of "the 
'iiiid«’,ground water and its "salt content. , The evidence' presented from 
these' two sets of field observations'is supported by that from"m,a!iy others, 
all of which, point to the conclusion th'at the 'movement of underground 
water is' often very slight and nearly ".always iiregular. ' . 
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This lack of uniformity of the soil in many irrigated fields is very con- 
spicuotis. It tends to hecome more pronounced as the conditions result- 
ing from the accumulation of soluble material become critical. One of 
the first signs of such trouble is the appearance of spots in the field "where 
crop growth is abnormal. Spots of poor growth or bare spots appear 
and increase in size as the conditions become worse. These irregularities 
in the soil are manifested also in the underground water where conditions 
are such that it accumulates. 

In the reclamation of saline soils the same diversity of conditions is 
found. In some spots improvement is marked and immediate; in others 
it is much slower.. It seems evident that- the water used for leaching as 
well as the water used for ordinary irrigation does not soak down into the 
soil at a imiform rate in all parts of the field. It is also apparent that 
the lateral movement of underground water to drainage ways, whether 
natural or artificial, does not proceed uniformly. There are channels or 
strata of permeable material in the subsoil often interspersed or cut off 
by other strata or barriers of less permeable material. In reclaiming land 
or in irrigating it, one of the most important aims should be to equalize 
the movement of the water. It is not enough to level the land so that 
the water may be applied uniformly; it is necessary also to make pro- 
vision for holding the water for a longer time on those spots in the field 
where the soil is less permeable. ' ' 

In planning a system of drainage where the accumulation of subsoil 
water makes drainage necessary it is no less important to take into account 
the conditions of permeability in the subsoil. It is not sufficient in laying 
out a drainage system to consider merely the surface contours of the land. 
Where a drainage system is designed only to Gollect and dispose of sur- 
face waste waters its location is deterrhined chiefly by surface contour 
conditions. But when its chief function is to relieve an accumulation of 
underground water, its location should be determined by underground 
conditions. Whenever it is possible to do so, such drainage should be 
designed to intercept water that is moving into a section where trouble 
exists or Is anticipated, as well as to provide outlets from such sections. 
In making the surveys preliminary to constructing a drainage systemTo 
prevent or relieve the accumulation of underground water, it is believed 
that chemical studies of the water should be helpful in locating the chan- 
nels of free movement and consequently in placing drains. 

COMPARISON OF IRRIGATION AND UNDERGROUND WATERS 

It has been shown in the preceding pages that when a solution -comes 
in contact with the soil, reactions may take place as a result of which 
constituents , are exchanged, :Both the solution and the soil are .made 
different by these reactions. Furthermore, a large part of the, irrigation 
water, .applied to the land: is dissipated by evaporation, or absorbed . and' 
transpired ' by crop plants, .leaving .the dissolved material in the soil.; 
In consequence, the soil solution- which accumulates as underground water 
in irrigated land is likely to be very 'different in concentration .and., com- 
petition from the irrigation water. 

The comparison of the analyses of underground or drainage waters 
with those of the irrigation water affords a basis of understanding the 
reactions that are going on in the soil through which the water has 
.jpasaed. Such, an understanding is much to be desired because it may make' 
it p€^ible to anticipate and to prevent ^me of the difficulties that follow 
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the accuiniiktioii of liarmfii! quantities of soluble substances in the soil. 
Where conditions are such that it is possible to measure or to estimate 
the quantity of irrigation water used on a certain area of land and to 
measure also the drainage discharge from, the landj analyses of the two 
waters make it possible to know whether the land is gaining or losing in 
salt. 

Two examples may be cited as illustrations of. this point. One is a 
valley containing about 100,000 acres of irrigated land so situated that 
the return flow’' of drainage water may be measured and sampled. .Prior 
to the construction of a drainage system, the land on this valley .was badly 
water-logged. The annual diversion for irrigation purposes aggregated, 

300.000 acre,"feet of water which carried an average of 350 parts per 

million of dissolved solids. Upon the completion of the drainage system 
it was found' that the aggregate annual drainage discharge w^as about 
'100,000 acre-feet of water, carrying an average of 1.600 parts per , million 
of dissolved ' solids. An acre-foot of water weighs 2,716,000 pounds, or 
1,358 tons. With 350 parts per million of dissolved solids,' an acre-foot 
of water carries 950 pounds. The incoming irrigation water carried to' 
these valley lands 142,500 tons of dissolved solids, or nearly 1,5, tons per 
acre. The outgoing drainage, on the other hand, carried away 2.17 tons 
of salt with each acre-foot, or 217,000 tons for the year, or nearly 75,000 
tons more tlian the irrigation water brought in. This situation indicates 
a marked decline in the salt content of the irrigated land. The general 
increase in crop yields in this valley also bears testimony to the improve- 
ment of the SOU. . . 

In another valley a similar^ study of conditions shows a different situa- 
tion,. The facts are substantially.. as follows: The valley includes about 

53.000 acres of irrigated land. The annual diversion of water is 200,000 
aore-feet, containing an, average of 1,000 parts per million of dissolved 
solids'. The annual drainage discharge is about 48,000 acre-feet, carrying 
an average of i,4'io parts per million of dissolved solids. Thus the irriga- 
tion water bringsln 272,000' tons of salt annually and the d,rainage water 
takes out 92,000 tons, leaving a residue of 180,000 tons of salt in the 
valley. If this residue were distributed uniformly to the irrigated lands in, 
the valley it would be equivalent to 3.4 tons per acre. 

These two examples serve to show how one set of comparisons may be 
made between the qualit}^ of the irrigation and of , the und,erground 
water. It is not always possible to make such comparisons becau,se the 
percolating waters from irrigated land are sometimes lost into the 'country 
drainage and can not be measured or. sampled. 

■In some situations where it is not practicable to measure th^e volume of 
the drainage discharge .it is possible to.obta'in samples of the drainage 
water "and by analysis compare its 'quality with, that of^ thC' irrigation 
W'ater.' ' Suchcomparison makes "it possible to' judge of the reactions 'that 
, are taking place in the soils. If no exdiange reactions take, place'' 'the 'drain-' 
age water should differ from 'the irrigation, water only in being more 'con- 
centrated, as a result of the. losses by'evaporation or the use by plants,..' As 
a matter 'Of fact, it is rather unusual to- find a place where the underground 
water" does .not differ profoundly 'from -the' irrigation water both as to 
t'Olal ' .solid's and in parcentage' composition". '■ 

', ,Wh^e. the .irrigation ,' water' ■ carries'' ''only a„ 'sin''aJl ' 'quantity of total 
solids and these' consist in large' part of c^dum 'and,'hicarbonate,'it is 
■to be '..expectoi that a. result 'of the:aeratiO'ii and evaporation that 
takes place when ', the water goes on' 'to ' " the l-and' these' ' constituents 
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m'OtiH be precipitated as calcium carbonate. Tbe remainmg solution 
would then show higher proportions of the other , constituents. It is 
a matter of common observation that underground or drainage waters 
usually show lower percentages of calcium and of bicarbonate than irriga- - 
tion w'aters. An example of these comparisons is shown in Table XXV. 
This table gives the composition of irrigation and drainage ivaters from 
three different irrigated regions. The composition of the irrigation 
water for each region represents the- mean of several analyses. The 
drainage water from Newlands, Nev., is reported for two locations. 
One of these, drain Y 13, shows the mean of a series of analyses made 
on the drainage water from the field on the experiment farm which 
had been used for the leaching experiment discussed earlier. The 
percentage of calcium and magnesium in this water is very much lower 
than that of the irrigation water. The actual quantity of calcium' is 
greater per unit volume of water, which would indicate that the differ- 
ence in composition of the drainage water must be due in large part 
to its leaching action. The soil in the field where this drain is located 
is known to contain large quantities of soluble material the chief basic 
^constituent of which is sodium, - The water ffrom the Fernley drain 
shows a higher proportion of calcium than that from the drain, m field 
Y on the experiment farm. ‘The soil of the Femley district is known to 
be much more permeable to water than much of the soil of the experiment 
farm, and this condition may be associated with a higher proportion of 
calcium in its soluble constituents.. ■ 


Table XXV . — Comparison of total solids and percentage ccunposiiion of irrigation and 
drainage waters from several irrigated sections 


' ' ' 


OMstitn'ents as percentages of total solids. 

Locaticai of sample. , 

solids 
(parts, per 
million). 

■ Ca-f-Mg. 

COj 4 ' 

■ HCQg 

3. 

Cl. 

SO4. - 


Newlands, Nev.: . 

Irrigation...:....'.:. . . 

. 

10. 1 

34.0 

9 * 5 

23. 0 

66.5 

Draiii' Y 13 

i 3»440 

2-3 

23. 6 

6. 0 

28. 0 

57 -^ 

, T-raiii., Femley. .... . 

1 2, 720 


6.9 

8.4 

49 * 5 

64*8 

Himtley, 'Mont, : 





IrrigatioB,. ... ' 

1 27S 

i 27 - 8 

■ 24. 0 

5.6 

32, 0 

61. 6 

Dram. 13. 

i 5, S60 

! 7.8 

3 * 7 

1.4 

58- 4 

63. 5 

Bard, Calif.: 



Irrigatlcwi 

: Field wells 

1 9'6o 

! 27. 3 

14- 5 

II. 2 

37.8 

' 63. 5 

i 2,095 

23. s 

12. 9 

25.3 

37-3 

63. 5 


■ , The comp-arison of 'the irrigation and drainage waters from the Huntley 
pro|ect , shows that the drainage- water- contains lower proportions of the, 
earthy bas^, calcium and magnesium, than- the irrigation water^ and 
.al'so -inuch less carbonate and chlorin. The indications are that in per- 
colating through the soil it is taking up substantial quantities of sodium- 
and sulphate. On both the Newlands and Huntley projects the drainage 
water is much more concentratai than the irrigation water, carr3dng 
15 to so times as mudi dis^lved material. 

The waters reported from Bard, Calif., were taken on the Yuma 
project, ,„whi^^ is irrigated from the Colorado Fiver. On this project, 
much of the irrigated land is underlain by a saturated zone that is directly 
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cormected with the water of the river and may be regarded as a part of 
its underflow. The volume of this underflow is large, but its inovemeiit 
appears to be slow. The field wells from \^iiich the samples were ob™ 
tained that are reported in Table XXV are located on the Bard Experi- 
ment Fami. The nine wells are so distributed over the farm of 160 acres 
as to give samples of the imderground water for the whole tract. This 
undergi'otind water probably represents a composite of river underflow 
and of leaciiings from the irrigated fields. The figures reported are the 
means of six sets of analyses from nine wells. These Tesult,s show a 
condition, where the underground water differs very little from the 
irrigation ivater, either in total solids or in the composition of tiiese solids. 

The irrigation water that is applied to the land is dissipated in two 
or three ways. One part of it is absorbed by plants,, another part is 
necessarily lost by eva[ 3 oration from the soil, and where the qtiantit}?’ 
applied is more than the sum of these two losses the remainder percolates 
into the subsoil The water that is absorbed by the plants is not ordi- 
narily of the same composition as the soil solution; that is to say, the 
plant, roots do not absorb the soil solution with which they are in contact. 
They absorb the water from this solution and with the water they take up 
only such dissolved constituents as are needed. This process is known 
as selective absorption. 

It is obvious that crop plants do not absorb the soil solution as it 
exists in the soil. It is not uncommon to find that the soil solution in 
irrigated land contains as much as i per cent of dissolved mineral matter. 
It has been found (5) that the ordinary crop plants transpire as much 
as 500 pounds of water for each pound of dry matter produced. Of 
this dry matter only 10 per cent or less is mineral matter. From this 
it may be seen tliat the plant may transpire as much as 5,000 pounds of 
water and take into its system only i pound of mineral matter. This 
means that the water that is absorbed and transpired by plants leaves 
its dissolved mineral matter in the soil almost to the same extent as the 
water that is lost by evaporation from the soil 

WTien irrigation is so conducted that the water applied is all dissipated 
by plant absorption and by evaporation, the salts contained in the irriga- 
tion water are then deposited in the soil. Even where the salt content 
of the irrigation water is low the accumulation goes on and it is merel}^ a 
matter of time until it reaches critical proportions. It is not uncomnioii 
to find irrigation waters in use that contain 1,000 parts per million of 
dissolved minerals. This is equivalent to 1.35 tons per acre-foot of 
water. As a, basis of comparison it may be said that an acre-foot of soil 
which contains 15 per cent of moisture holds 300 tons of water. If this 
water holds in solution i per cent of mineral matter there would be 3 
tons of such material in each acre-foot. From this it is clear that in the^ 
practice of irrigation it is essential , that same , part of the vrater applied 
pass downward th,rough the soil, for it is only in this way that the exces- 
sive accumulation of salts may be avoided. 

While many crop plants may obtain water from a soil solution which 
contains more than 1 per cent of ■ dissolved* mineral matter, it would 
appear, to be advisable generally to 'keep the solution 'below that de^ee of 
concentration. In order to do this it follows that in, applying irrigation 
water it should be the aim' to use enough' so that the proportion lost by 
percolation is large enough to offset the concentration 'due to evaporation 
,aiid transpiration.. Thus if the irrigation water contains i,cxx> parts 

8199 (}-™ 24~5 
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per million of salt enough should be used so that lo per cent of the quan- 
tity applied may percolate below the root zone. 

In those irrigated sections where the subsoil is saturated, that is, 
where there is a water table not far below the surface of the ground, it 
is readily possible to determine the concentration of the soil solution* 
The accumulated underground water may be taken as representing that 
part of the solution that has percolated from the root zone. ' Where there 
is a drainage system udiich relieves the underground water, samples of the 
drainage discharge are usually more dilute than the average of , the soil 
solution because there is nearly alwa3^s some waste of irrigation ivater into 
the drains, and, furthermore, the downward percolation of water through 
the soil is not uniform. WTiere the soil is more permeable there is freer 
do^’^uiward movement and less concentration through evaporation and 
transpiration. 

It has been shown earlier in this paper that the detailed exploration 
of a continuous bod}?- of underground water shows great differences 
in concentration even within short distances. In general it seems safe 
to assume that where the concentration is high the movement of the 
water is slow, and, conversely, that low concentration indicates freer 
movement. Occasionally it is found that the salt content of the under- 
ground water is very high even where the surface conditions give no 
indication of it. Such a situation has been observed on the Huntley 
Experiment Farm in Montana. In one of the fields which has been 
continuously very productive a w^ell was put down in the spring of 1922 
for the purpose of sampling the underground water and noting its change 
of level in connection with a series of similar w^ells in other fields' of the 
farm. In this field there were no surface indications of abnormal under- 
ground water conditions. The crops had been thrifty and uniform in 
growth and the yields had been large. In the early spring, when the 
well ivas put in, the water table was found, about 10 feet below the surface. 
It was very salty, about 4 per cent. ' Repeated samples were taken and 
the well was pumped out to obtain fair samples. As the season advanced 
the level of water rose until it stood within 3 feet of the surface yet 
the crop of silage com on the field continued to thrive. Toward the 
close of the irrigation season the water receded, and during the following 
winter it stood again about 10 feet below the surface. The course of 
these changes in level and the salt content of tlie water as determined each 
month are shown, in Table XX VI. It seems remarkable that good crop 
growth was possible on land tvhere the water so close to the surface 
was more concentrated than sea water. The inference is that the under- 
ground water at this point represents the accumulated leachings for a 
long time' and possibly from other places and that the rise of the water 
in' this area resulted from pressures due to seepage or percolation in 
higher' lands. The soil solution in the root zone must have remained 
more dilute than the water obtained from the well. The irrigation water 
used on this field contains only about 400 parts per million of salt and 
this with the rain and m,elted snow doubtless served to keep the solution 
in the surface soil below the critical limit, which for corn is probably, not 
far from 1.5 per cent. The character of the solution obtained from the 
well in "this field, is shown in Table XXVII. Except for its higher,, salt 
content,' this' water ,resembles that .obtained from the wells in adjacent 
'fields and from a drain which serves the'district in' which the farm is 
lo'cated. 
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- ' Table X.X,VL — Elevation and salt content of -underground water -mueld Oai the H-untley 

Experiment Farm, Alontana^ 


Date. 


192 

Apr. 28. 

}i|,ay 31..... 

July I 

Aug. I 

Sept. 3 

Oct. 2 

Bee. 4 

IQ2 

Jan* 3 * 

Feb. 

Mar. i 

Apr. 3 

May I . . 

June I 

June 27 

July 25 

Aug. 22 


Elevation, 
water surface. 

Deptb 
to water. 

Salt content 3 ‘ 

2, 966. 4 

10. 0 

Per ce'i'ii. 

4.25 

2, 966. 7 

9 - 7 

4. 20 

2, 967. 6 

S. S 

4 -. 17 

2 , 972 . s 

3. 6 

4, 17 

2, 971. 0 

5 ' 4 

4 « 57 

2,970.4 

b. 0 

4. 29 

2. 969. 3 

7, i 

4. 28 

j 2. 96S. 9 ' 

: :• 5 

4. 28 

2. 96S. I : 

; ^'-3 

3. 90 

2, 967. 7 

8. 7 

4. 00 

2.966.7 

' 9 ‘ 7 

3 ’ 7 ^ 

2, 966. S 

; 9. b 

3. 90 

2, 966. 0 

i 10. 4 

: 3- 79 

2 , 966. 2 

; 10. 2 

3- 46 

2, gi 68 . 0 

i 3.4 

3 - ^4 

2, 970. 9 

! 5 • 5 

3 - 13 

2,971.9 

; 4 * 5 

2. 99 


Tbe ground surface elevatioa is a, 9^.4 feet above sea level, 
t' 'Determined by electrical conductivity. 


Tablf5 XXVII , — Composition of -u-ndergroimd water in field 0 ai ike Hzintky Experi' 
meni Farm, Montana, in July, Ip 2 j, 


PARTS PER MILLION 


Total solids. 

Ca. 

Mg. 

HCO3. i 

CL : 

so. '1 

Total 

acids. 

57^080 

410 ; 

98c ■ 

240 

42c 

45? ' 7^4 I 

24, 454 

REACTING VALUES 

37? ^'80 

20.5 i 

So. 5 I 

Oj 

NO 

1 X . S 

1 

494.0 1 

509-7 

PERCENTAGE REACTING VALUES 

37? 

: 4.0 ! 

15. S 1 

O.S. : 

2.3 ; 

96.9 1 

I 

100. 0 


a Collected by Haiiseu aad analyzed by Brezeale. 


THE ALKALINE CARBONATES 

Ib the literature dealing -witli the ■ problems of alkali soils the soluble 
carbonates occupy the. center of the stage. Black alkali*' has been the 
bete no-ir of the irrigation farmer' as well as of the investigator.. Black 
n alkali is usually defined as sodium carbonate while all the other salts in 
irrigated lands are referred to as white alkali. The carbonates of the alkali 
bases, sodium and potassium, are readily soluble in , water. The carbonates 
of, the earthy bases, calcium and magnesium, are practically insoluble in 
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water except when the water contains carbon dioxid. When calcium 
carbonate, for example, passes into solution in water containing carbon 
dioxid, it is customary to refer to it as calcium bicarbonate and to symbol- 
ize it as Ca (HC 03 ) 2 . This salt, if it exists, is unknown except in solution. 
When a solution containing it is boiled, the carbon dioxid is driven off and 
calciiiiii carbonate is precipitated. 

The carbonates ' of the alkali bases may be identified in and produced 
from nearly all soil solutions and drainage wmters of irrigated lances. 
\Wien the kflution also contains carbon dioxid in sufficient quantity to 
render it neutral to an indicator such as phenolphthalein, these carbon- 
ates are said to exist as^bicarbonates, for example NaHCOg. It is possible 
to prcdiice sodium carbonate or sodium bicarbonate by adding carbon 
dioxid to a soliitioii of sodium h3’drate. Both salts are common articles 
of commerce. 

As it occurs in the soil solution in irrigated land , sodium carbonate has 
been regarded as the cause of serious injury to the physical condition of 
the soil and as highly injurious to plant growth. Much investigation has 
been directed toward discovering tlie circumstances of its formation and 
means of removing or neutralizing it. The salt has been thought of and 
referred to as a carbonate. This designation has focused attention on 
file acid ion COg and diverted attention from its basic companion sodium. 
The acid ion COg is known as a weak ion. This is probably due to the fact 
that carbonic acid, HoCOg, is inert as compared wdth such acids as hydro- 
chloric and sulphuric. Carbonic acid is formed when carbon dioxid dis- 
solves in water. The oxid of carbon is formed by the union of carbon and 
oxygen, as in burning charcoal. It may be released also by decomposition 
of the complex carbohydrates, such as plant tissues. It is assumed that 
most of the carbon dioxid that occurs in the soil solution is derived from 
the decomposition of organic matter in the soil. 

The compound known as sodium carbonate is said to be a combination 
of a weak acid with a strong base. In water solution it reacts like the 
alkaline hydroxid NaOH except that - when neutralized with a strong 
acid such' as hydrocholoric acid half the sodium in solution as sodium 
carbonate forms a' so-called acid salt. The reactions involved may be 
s}nnbolized as follows ; 

(i) NaOH-rHCI=:NaCi-fHX) 

- (2 .Na^COg-fHCl-NaCl-f-NaHCO;: 

and 

(3) HaHCOg-fHCl-NaCi-f-HXOg 

or- 

(4) H.co.^H.oyco.. 

The reactions that occur in the soil when the soil solution contains 
sodium carbonate take place in the same way and to much the same 
extent with sodium hydrate. This fact permits the inference that it is 
the sodium and not the carbonate that causes the characteristic reactions. 
This inference appears to gain justification -when considered in connection 
with the phenomena and the reactions involved in the exchange of bases 
in the soil. It has been repeatedly demonstrated, for instance, that when 
-a soil is treated with a solution of sodium chlorid or sodium sulphate 
some of the sodium goes out of solution and an equivalent quantity of 
other 'bases come into solution. -If the solution -is. then removed and re- 
placed, with pure water, the soil^ and the water show the reactions char- 
acteristic -of the effect of sodium; ;The soil is d-eflocculated and. the 
solution beco.mes alkaline. In view -of theseTacts it may be justifiable 



Mar. I, 1934 


Movement of Water in Irrigated Soils 


68 ^ 


to approacli the subject of the alkaline carbonates in their relation, to the 
soil from the basic rather than from the acid side. In such an, approach 
it becomes possible not only to avoid circumlocutions of language but 
also to see more clearly into the heart of the problem. 

In dealing with the subject of alkaline carbonates in the soil solution it 
should be kept in mind that by the ordinary method of identification it is 
not the carbonate but the basic hydroxid that is actually deteriiimed (see 
p. 642). The method of titration gives not the quantity of CO3 ions in 
solution but the quantity of basic ions that are in the solution in excess 
of the quantity of strong acid ions present. Thus, if one ta,kes 50 cc. of 
X;To NaOH to titrate with X/io acid, it will require 50 cc. of the acid to 
complete the titration whether the solution is kept free from COn or is 
saturated with it. In the same way with a soil soliitio,n, the quantity of 
acid that is required to complete the titration with meth}i orange is the 
measure of the quantity of basic ions in the solution in excess of the 
quantity of ions of the strong acid radicals, such as clilorin, sulphate, 
Of nitrate. The solution may contain much or little CO.,; it will have no 
effect on the quantity of acid required. The quantity of CO^ in the 
solution does in,fiuence the reaction of the solution with respect to the 
indicators. Thus solution of XaOH in water free from CO. shows a pink 
color with plienolphthalein until the titration is completed. The addition 
of CO.^ to the same solution of XaOH reduces the quantity of acid re- 
quired to titrate out the pink color of the phenolphthalein but not the 
quantity required to complete the titration with methyl orange. 

In reporting the analysis of a soil solution it would be quite as correct 
and possibly less confusing to state the result of the acid titration iii 
terms' of excess of bases to strong acids as to give it in terms of C'O^ and 
HCO3, This is, in fact, the custom of some analysts. It is not a matter 
o,f great importance trhat designation is used in reporting analytical 
results, but it is important to understand as clearly as possible wdiat' these 
designations mean. If it is clearly understood that the term carbonate, 
as used in connection with the soil solution, means the excess of bases 
over strong acids, there can be no valid argument against its use. There 
is, however, the possibility of misconception on the part of persons not 
thorough!}" acquainted with the literature of the subject and the analyti- 
cal methods used. Such persons might infer that the term carbonate 
implied carbon dioxld in solution. 

The soil solution always contains carbon dioxid . This gas in the solution 
plays a most i'iiiportant role not only in the reactions between the solution 
and the soil but also in the reactions between the soil solution and the 
plants. It has been remarked above that calcium carbonate is practically 
insoluble in water that is free from carbon dioxid, but is very appreci'ably 
soluble in water coiitainiiig that gas. There is ample evidence that the 
soiiibility of other soil materials also is. influenced by carbon dioxid. An 
experiment recently conducted ..for the writer by J. F. Breazeale may be 
cited as an illustration. In this experiment two samples of the same soil 
were placed in large bottles and treated with water 'at the ratio of lo 
parts of w"ater to i part of soiL The mixture was shaken thoroughly and 
one sample was saturated with carbon .dioxid, the other not being treated . 
Each day the supply of carbon dioxid' was renewed in the treated mixture. 
After five days' the solution was filtered off -and titrated 'With acid^ and 
tested for calciu'm. The' results of these tests are given in Table XXVIII , 
expressed in reacting values. That is, the reacting value of the acid re- 
quired for titration is shown in the first column, and the reacting value 
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of tlie calciiim is sliown in the second column. The third column shows 
the difference between i and 2, which may be taken as the stun of the 
bases other than calcium existing in the solution in excess of the strong 
acids. 


Table XXTIII . — Effect qf COo in .solution on ihe solubility of bases in the soiL expressed 
in- reacting values based on the soil 


Sample. 

'r Acid reQtiired.l 

1 r Ca. 

Difference. 

I. Untreated . 

i 39 - 8 1 

15. 0 ! 

24, S 

2 . Saturated -vith CO. 

: 147 - 5 ' 

85.0 1 

62. 5 

Increase from CO. 

1 107.7 

70. 0 ; 

37 - 7 


III the absence of infoniiation to the contrary, it may be assumed that 
the CO. in the solution did not decrease the solubility of any of the mate-' 
rial in the soil; in other words, that the increase of dissolved bases shown 
in the table represents a real increase in solubility. 

Certain experiments recently reported by Kelley and Thomas (ii) 
afford another illustration of the effect of dissolved CO. on the solubility 
of soil material. In their experiments they digested the soil for one hour 
with five times its weight of water partially saturated with CG3. The 
results as reported by them are shown in Table XXIX, computed as 
reacting values. These results show that \rhile only a part of the CO^ 
added to the water of digestion is accounted for as carbonate in the 
solutions, there is a consistent increase in the quantity of total dissolved 
bases and in the dissolved calcium with increasing quantities of 'CO3 used. 


Tabes XXIX . — Effect of CO^ in solution on the solubility of bases in ike soil, expressed 
as reacting values based an ihe dry soil ® 


Soil Xo, , i 

rCOa ! 
added to 
solution. 

,required.^ : , 

r Ca, 1 Increase. 

905 -- 

j Xone. 

! 17-0 : 

■ 34.5 i i 

1 0-25 1 

! 6. 2 5 ; 6. 00 

1 roo 

1 42.2 \ 25.2 

10. 00 9. 75 

I 

0 

0 

i 60. 5 ; 43. 5 

20. 25 1 20. 00 


® Frorn Kelley aad Thomas. 


These illustrations of the effect of carbon dioxid in solution on the 
solubility of the soil material permit the inference that an abundance of 
carbonate in the soil solution may sometimes be beneficial rather than 
harmful. If the soil is rich in calcium carbonate, carbon dioxid in the 
solution brings the calcium into solution. Once in solution this calcium 
is free to react irith and replace any sodium that may be combined with 
the soil It has long been known that the application of organic matter 
tO' the soil tends to improve its physical condition. It is possible that 
this beneficial effect^ may be due in part tO' the enrichment of the ^ soil 
solution in carbon dioxid from the deca^dng organic matter, followed in 
turn by the solution of calcium and the replacement of combined, sodium 
. by,, the calcium,. 
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Such evidence as is available appears to indicate that the improvemeiit 
of the physical condition of irrigated soil to the end of making it more 
readily permeable to water depends upon disposing of the sodium, whether 
this exists in the soil solution or in replaceable combination with the soil. 
It seems clear that it is the sodium and not the carbonate of black alkali 
that causes deflocculation and impermeability in irrigated soils. 

THE REMOVAL OF ^SODIUM FROM THE SOIL 

The sodiiini which causes trouble in irrigated soil must be thought of as 
existing parthr as in readily soluble salts and partb/ as in combination 
with the soil material. The sodium salts that are readily soluble, such as 
sodium sulphate and sodium chlorid, may be removed from the soil by 
leaching, wliicli is in elTect merel}'' replacing the solution in the soil by 
another solution applied at the surface. This is a very simple matter if 
the soil is readily permeable to the dowmvard movement of vrater. The 
sodium that is combined with the soil material and which in such combi*- 
nation is only slightly soluble is the part that is diiEeult to remove from 
the soil. It is this combined sodium that causes deflocculation of the soil 
and consequent impermeability. 

The removal of this combined sodium from the soli by leaching is pos- 
sible only by replacing it with another base. It is possible to replace 
sodium from its combination with the soil with any other soluble base. 
There would be no point, however, in attempting to do so with potassium, 
for example, because such an exchange would not mend matters. Long 
experience has shown that calcium is the safest, most effective, and most 
easily available base to use in replacing sodium from the soil. The com- 
bination of calcium . with the soil induces flocculation and makes for im- 
proved physical condition and permeability. Certain otlier bases, such as 
magnesium, iron, and aluminum, appear to produce the same effect. 

A great variety of methods and of materials have been proposed for 
correcting the injurious effects resulting from the combination of sodium 
with the soil. Calcium sulphate, commonly knowm as gypsum, has long 
been recommended and extensively used. As a preventive of bad con- 
ditions it appears to be altogether satisfactory. As a remedy to be used 
vrhen bad conditions have developed it is sometimes inadequate because 
it is only slightly soluble. Calciu.m chlorid and calciitm nitrate are both 
very soluble, but the first is so deliquescent that it is difficult to handle 
except in solution and the second is relatively expensive. Iron sulphate 
is a by-product of certain manufacturing industries and is often to be .had 
at prices that might justify its use in land reelaniation. Aluminum sul- 
phate is also a readily soluble salt and aluminum in solution actively 
displaces sodium from its combination with the soil and improves the 
physical conditions. With both iron and aluminum there is a possibility 
that when used in excess colloidal hydroxids may be formed which might 
cause ■ temporar}’' impermeability. 

The assumption that the deflocculated condition of the soil , is caused 
by the existence of alkaline carbonates in the, soil solution has lead to 
some attempts to remedy this condition by the use of strong acids. Some 
experiments have been made with sulphuric acid, which is often very 
cheap, and elemental sulphur has also been used' to some extent. The 
implication is that elemental sulphur when applied to the soil is oxidized 
through bacterial action and converted into sulphuric acid. This 
oxidation process takes place slowly, so that the product seldom reaches 
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injurious concentrations in the soil Where the soil is rich in calciimi 
carbonate, the use of either sulphuric acid or elemental sulphur may be' 
expected to result in the solution of calcium with consequent beneficial 
effects. 

It seems certain that when sulphuric acid is applied to the soil either 
directly or through the use of elemental sulphur, the reactions are not 
confined to the soil solution. For example, if it were found by analysis 
that a certain soil contained a certain proportion of dissolved bases in 
excess of the dissolved acids, that is, carbonates, and a quantity of 
sulphuric acid equal to that excess were added to the soil, it would be 
found that only part of the acid had displaced the carbonate from the 
solution and that the remainder had reacted with the soil to bring an 
additional quantity of bases into solution. If one were to extract a 
sample of the soil solution from that soil and add the acid to the solution 
the carbonates would be completely displaced and the solution made 
neutral, but when the solution remains in the soil this' is not the case. 
This point deserves special emphasis because it has not been clearly 
understood. It has been natural to regard the soil as a mass of Inert 
material holding a certain quantity of a solution, very much as a solution 
is held in a beaker, and that this solution could be titrated in the field 
in quite the same way as it could be titrated in the laboratory. 

The experiments of Kelley and Thomas already referred 'to afford an 
excellent opportunity to illustrate this point that the acid reacts not only 
with the solution but also with the soil. One of these experiments 
involved the application of elemental sulphur to a sample of soil which 
was then moistened to optimum condition and kept at room temperature 
for 15 weeks. The soil was analyzed for all its water-soluble constituents 
before treatment. After treatment the water soluble CO3, HCO3, SO4, 
and Ca were determined. The analyses before treatment showed that 
the total of the reacting values of the soluble acids was 169.2 per million 
of drv" soil. The soil also contained calcium as calcium carbonate in- 
soluble in water but soluble in 4 per cent HCl equivalent to a reacting 
value of 282 per million. Equal portions of the soil were treated with 
three different quanti'ties of elemental sulphur, as shown in Table XXX, 
which also gives the quantities of the soluble constituents identified at 
the conclusion of the experiment. 


Tabce XXX . — Effect of elemental sitlphir on alkali soil, the sulphur used and the solu- 
tion canstit'uienis being expressed as reacting values based on the dry 


: Sulphur 

1 added. ■ 


r SO4. 

Gain, 

,if None. ■ 



;l ■ 50-0 : 

17. 0 ^ 

10, 3 : 6. 7 

s. 5 : 8-5 

7-61 9-4 

0.25 
1.70 
3.00 : 
6, 60 

1.45 . 
75 

! 6.35 

74.0 

86. I 

94. 5 
120. 7 

12 . I 

20. S 

1 46. 7 


« From Keiley and Thomas. 


■The results given in Table XXX show that a large proportion of the 
sulphur applied to the soil was oxidized into SO4, which enriched the, solu- 
tion 'Corresponclingly, In the sample of soil to which 12.5 units of sulphur 
were added the dissolved sulphates wer e increased 1 2 . i units . ' The solution 



Mar, I, 1934 


Movement of Wdier in Irrigated Soils 


689 


extracted from this soil required less acid to neutralize it than the solu- 
tion from the original soil by 6.7 units. From this it may be inferred 
that of the 12.1 units of SO4 added to the solution^ 6.7 units displaced 
CO3 combining with the bases already in the solution and that the re- 
maining 54 units were united with bases newly brought into solution from 
the soil. Of the 54 units of newly dissolved bases calcium constituted 
145 units. 

In, the sai:B,ple to w,hich 50 units of sulphur were added the solution was 
enriched by 46.7 units of SO4, of which 94 units were absorbed in replac- 
ing CO3 already i,ii the solution, while of the remaining 3,7.3 units 6.35 may 
be assigned to the newly dissolved calcium and 31 units to other bases 
brought into solution from the soil. 

It is clear from these results that of the sulphuric acid formed in 
this soil by the oxidation of sulphur only a part reacted to displace the 
dissolved carbonate, or, in other words, to neutralize the soil solution. 

The conditions of this experiment were such that the carbon dioxid, 
liberated either from the solution directly or from the soil carbonates as a 
result of reaction with SO4, could escape from the solution into the air. 
The solution and doubtless the soil also actually lost CO,. 

In another experiment Kelley and Thomas used siilpliuric acid on the 
same soil, but instead of leaving the soil exposed to the air at optimum 
moisture content for 15 'weeks they digested the soil samples for one hour 
by shaking them with five times their weight of water after adding sul- 
phuric acid. After this digestion the solutions were analyzed for CO3, 
HCO3, and calcium. The results of these analyses are showm in Table 
XXXI computed as reacting values. This table also sho'ws the quantity 
of add added to each soil sample and the increase in calcium and other 
bases brought into solution by the acid, all expressed as reacting values 
per million of dry soil. 


Tabl'E XXXI . — Effect of sulphuric acid on alkali soil, the acid used and the solulion 
coTistiiuents being expressed as reacting values based on the dry sail 


Soil No. 




r Add 
added- 

r Acid 
required. ; 

Gain. ' 

rCa. 1 

Gaia. 

[ None. ' 

17. 0 3 


0. 2 C ' . 


j 5 ■ 

21. 0 i 

4- 0 ; 

5, 00 1 

4 " 7 5 ‘ 

1 25. 0 : 

25. 0 ; 

S . 0 ' 

12. 50 1 

12. 25, j 

1 33-3 i 

29. 0 : 

12, 0 , 

15,. 10 i 

14-85 1 

50. 0 i 

3S. 5 1 

21. 5 ; 

2§. 10 1 

27.85 j 

[ 100. 0 i 

55-0 ! 

38. 0 : 

65. So \ 

55 ^ 


F,rotii Kelley and T,lioio,as. 

In this experiment the results show that the addition of acid to the 
soil solution did not decrease the carbonates, but instead the solution 
wms actually more alkaline after the acid treatment than tefore. With 
the first sample reported in the table to which 12.5 units of acid were 
added, it is to be inferred that the solution was enriched iti bases not 
oiily by the 12.5 units equivalent to the acid used but also by 4 units 
more combined as carbonates. , This further increase of 4 units of dis- 
solved bases may be explained by assuming that when the acid dissolved 
the soil carbonates, such as calcium carbonate, the replaced carbonate 
enriched the soil solution and thus brought still more calcium carbonate 
into solution. 
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These two experiments show very deiinitely that the addition of 
sulphuric acid to the soil solution in the soil does not give the results 
that would be expected if the soil were not present. They tend to 
confirm the view that the soil is not to be regarded as an inert mass 
in which a solution is suspended by capillarity, as water is held in a 
sponge, but rather that reactions are going on continually between 
substances in the solution and substances combined with the soil. 

The present hypothesis is that the sodium that causes soil deiioccii- 
lation and impermeability is the sodium that is combined with the soil 
and not the sodium that is in the soil solution. If this is correct, the 
treatment designed to llocculate the sod and improve its permeability 
should be aimed to replace the combined sodium from the soil by getting 
it into the solution and then to remove the solution. The difficulty 
can not be remedied by merely removing the solution. 

A soil may be rich in combined or replacable sodium and consequently 
impermeable and at the same time contain a large, proportion of calcium 
as calcium carbonate. With such a soil it is to be expected that any 
treatment that would bring into solution the calcium of the ,, calcium 
carbonate would favor the reaction by which the combined sodium 
would be replaced from the soil and thus permit its removal by leaching. 
If a soil is found to be deficient in combined calcium, it may be necessary 
to treat it with calcium or some other base, preferably in the form of a 
soluble salt. In any case, the removal of combined soditim from the 
soil appears to require the substitution for it of another base, and if the 
soil is to be flocculated and its condition improved the substitution 
must be made by an, earthy base. 

The removal of sodium from the soil solution under field conditions 
is not a difiiciilt matter if the soil has not absorbed so much sodium 
as to become impermeable. In other words, it is possible and not very 
difliciiit to prevent the accumulation of harmful quantities of sodium 
in irrigated soils. It is quite another matter to remove combined 
sodium from the soil in the 'field when as a result of such combination 
the soil has become impermeable to wmter. In dealing ivitli sodium in 
irrigated soils an old adage may be used even with added emphasis. 
It would not seem extravagant to say that one ounce of prevention 
'is worth a thousand pounds of cure. 

SVmiARY 

The e,ffective supply of water that may be stored in the soil to last 
from one inrigation to the next is limited on the one hand by the field- 
carrying capacity and on the other by the inability of the plants to take 
water from the soil beyond \rhat is known' as the wilting point. 

The soil may hold as much as 6 inches of water per foot of depth, but 
ordinarih" its net effective storage capacity is not much above 2 inches 
per foot of depth. 

The ■ subsoil, which is usually more compact than the surface soil, may 
beco,me saturated when it contains 5 inches or less per foot, and the 
addition of i inch of water to a saturated subsoil may raise, the level of 
the underground water as much as i foot. 

■When irrigat'ion wmter' is applied to the soil it penetrates in part by 
flowing' into .cracks and,, also, by wa}^ of the, s,niall spaces between the 
"particles of soil, ■ 
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The rate of the penetration of water into a dr}* soil is influenced not 
only by the general texture of the soil but even more by the physical 
reactions of the soil material to water. 

The addition of water to a dry soil causes a perceptible change in 
color, so, that it is possible in the laboratory to observe and measure 
the rate of penetration and to establish the fact that the rate of pene- 
trat,ion is ver}'" different in different soils* 

In a moist or saturated soil the movement of water, sometiines desig- 
nated as percolatioTij may also be measured with a fair degree of ac- 
curacy. 

The physical condition of the soil, which influences so profoundly the 
movement of water througli it, is largely the result of chemical reactions 
that, lake place between the soil particles and the salts dissolved in the 
Sfiil solution. 

The character of the soil solution is a matter of fundamental iniport- 
.atice ill irrigated fanning, not only because of its relation to the plant, 
Imt also because of its relation to the physical condition of the soil. 

It is difficult to estimate the no.rmal conceiitratio,n or composition of 
the soil solution from 3a.mples obtained by digesting the soil with an 
excess of water. 

The composition of the .soil solution is determined by measuring its 
more importa,!it consitii tents, which are identified as elements or ions and 
not as combined salts. 

The important constituents ordinarily identified in tlie soil solution 
of irrigated lands include the earthy bases, calcium and m,agGesium, 
alsO' the add ions, carbonate, bicarbonate, chlorin, sulphate, and nitrate. 
The alkaline bases, sodium and potassium, are not usually identified 
ciuantitatively, but are estimated by difference. 

The results of analyses of the soil solution may be stated in several ways, 
though for the sake of better understanding, It seems advisable to report 
only the constituents that have been identified. 

There are great differences in the solubility of the various constituents 
of the soil, and these, solubilities are influenced to som.e extent by the 
composition of the soil solution. 

Changes in the concentration of the soil solution induce reactions 
between the solution and the soil, and consequently cause changes in the 
physical condition of the soil. 

Clianges in concentration also result in changing the balance of the' 
s.o,Iution constituents in relation to each other. 

The soil solution is continually changing in concentration and in com- 
position, and the soil takes part in these changes through reactions 
between the b.a.sic constituents of the solution and the bases . combined 
with the soil. * 

The physical condition of the soil and particula.rly its permeability to 
water is largely influenced by the character of the bases that are combined 
with the soil When the alkaline bases, sodium and potassium, predom- 
inate the soil is deflocculated and , impermeable. When the earthy bases, 
calcium and magnesium, are in excess the so.il , is flocculated and per- 
meable. 

When saline soils are leached to reduce the concentration of the soil 
solution it is often found that they become impermeable to water. This 
condition is due to the effect of the alkaline bases combined with the soil, 
which causes defloccu,lation to take place when 'the ■ salts of the strong 
acids, sulphate and chlorin, are removed from the solution. 
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Wliere tlie subsoil of an irrigated field is saturated with water or coa- 
tains strata or barriers that are slowly permeable to water, effective 
leaching of the soil is seriously hindered because of the acciimtilation of 
undergrotmd water,. 

The lateral movement of underground water, like the downward 
movement of water through the soil, is subject to great variation, depend- 
ing upon local conditions, and the quality and concentration of the 
solution are also highly variable even wdthin the same field. 

The comparison of the quality and concentration of underground 
waters from different parts of the field with those of the irrigation water 
permits a better understanding of the drainage requirements of the soil 
than is possible from observing only the depth to the underground 
ivater. 

The injurious effects that have been ascribed to sodium carbonate or 
“black alkali'’ in irrigated soils appear to be due to the sodium rather 
than to the carbonate, and sodium in solution even when associated with 
the stronger acids combines with the soil and ultimately' causes defloccu- 
lation and impermeability. 

The readjustment of the relative proportions of sodium and other bases 
in an impermeable soil, to the end of improving the physical condition, 
depends upon replacing the sodium with another base, such as calcium 
or aluminum, which, when combined with the soil brings about a floccu- 
lated and permeable condition. 
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PLATE 2 

A. -“Irregularity of crop growth on a plat in field Y, at the Newlands Experiment 
Farm, 1922. 

B. — Irregularity of crop grown in cotton field on the Yuma reclamation project, 
Arizona, 1919. 




AN APPLE STEM-TUMOR NOT CRO WNGALL ' 


By A. Brown- 

Pathologist, Laboratory of Plant Pathology, Bureau of Plant Industry t United States 

Department of Agriculture 

There are many kinds of apple-tree outgrowths or stem deformities; 
some are due to winter injury, some to weak variet}’- conditions, some 
trees have short internodes, others, swellings of intemodes or „ nodes. 
The type referred to in this paper as stern-tumor is the outgrowth with 
masses of rootlike projections or, as' it occurs on some varieties of apple 
trees, an outgrowth wdth a smooth or nearly smooth surface. The out- 
growths vary in size from small warts (PL 2, A) to tumors 2 to 6 inches 
in diameter, though they project scarcely more than one-half inch beyond 
the surface of the stem (PI. i, C). On some trees the bark remains 
comparatively smooth and the tumors do not reach a breadth of more 
than two or three inches (PL 3, B) ; but usually the bark breaks and 
masses of aborted roots appear, giving a roughened budlike surface to 
the outgrowtli. The tumors of the bud type increase in size readily 
and in time the bark may become black and rough and broken if the 
tree is a very susceptible one. This may extend along an entire limb 
(PL 2, C). The budlike type is the more common. 

These tumors are similar in macroscopic details to tumors produced 
by artificial inoculation with pure cultures of Bacterium kimefaciens. 
Furthermore, crowmgall and hairy-root are widely prevalent on apple 
trees. Accordingly, although some entomologists^ have referred to 
infestation hy woolly apple aphis as capable of resulting in galls or warty 
swellings on twigs, limbs or trunk of apple trees, nursery inspectors, 
nurserymen, orchardists, plant pathologists and entomologists have in 
general referred to this type of outgrowth as aerial crowngall. How- 
ever, this so-called aerial crowngall, of which Plate i, A, is a good repre- 
sentation, is seldom, if ever, caused by the crowmgall organism under 
natural conditions. 

Since 1906 the writer has been concerned witii crowngall on various 
hosts and during this period the attempts to isolate Bacterium tumefaciens 
from apple stem- tumors always have been unsuccessful, but as the tumors 
resembled the hairy-root t}Tpe of crowngall as it occurs on apple roots it 
was believed that the disease was a form of crowngall. In 1923 the writer 
began a more critical study of the disease. 

Some of the material used was received from several different States,- 
and some of it was collected near Washington by the writer, so that 
there was ample material in good live condition for the ■ platings. 
Platings were made from' tumors just starting to form, and in all stages 
of growth and development, the largest being 6 inches in diameter. 


^ Received for publication Dec. 20, 1923. 
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During the year 1923, 37S plates were poured. These plates were made 
from 23 different lo\s of material and included 38 sets. Previous to- 
1923, during the 3^ears 1909 to 1922, inclusive, there were 120 plates 
poured from apple stem- tumors, t2 sets from 9 different lots of material. 
No single colony of Bacierium tumefaciens appeared. There were some 
fairly constant bacterial colonies closely resembling crowiigall colonies 
which appeared on the plates and these were tried out in 1923 on Early 
Harvest apple ti'ees, a variety known to be susceptible to this disease. 
The trees were inoculated in May in 138 young growing stems, using 8 
different colonies ; controls were held at the same time and the inocuia- 
tions were made in two orchards 18 miles apart. The following green- 
house plants, known to be susceptible to Bad, tmnefaciens, were also 
inoculated with these 8 colonies: 30 Paris daisies, 31 young tomato 
plants, 16 Ricinus, 12 Bryophyllums, 5 tobacco plants and 6 geraniums. 
The results with these plants were all negative. 

Ill the case of the apple trees under observation, swellings occurred in 
the axils of leav^es of branches where there were neither inoculations nor 
control pricks. These swellings were small; even as late as October they 
were only 3 mm, to i cm. in diameter. Five swellings which occurred on 
the main stem of a young tree were much larger; these varied from i to 
2j^ cm. in diameter. The large outgrowths had the typical budlike 
projections of apple stem- tumor. These, places were not inoculated nor 
were any places on the main stem of the tree inoculated. The only stimu- 
lating agent present in October which might be held responsible was the 
woolly apple aphis {Erisoma lanigera Hausmann) a colony of which was 
on each of these swellings. The tumors had been noted in July when they 
were smaller, and the aphis was also on them at that time. These tumbrs 
were so fresh and soft that the writer, thinking it might be a natural in- 
fection of crowngall, cut off portions of two of them expecting to isolate 
the crowngall organism very readily from these pieces. It could not be 
done. ' 

Woolly aphids were in the axils of the leaves where axil swellings 
occurred (PI. 3, A). The inoculated places were carefully examined and 
in all of the 13S inoculated stems there w^ere only three outgrowThs. 
These three places were in the axils of leaves and were covered with 
woolly aphids. Some of the small axil swellings on these Early Har- 
vest apple trees were cut off, and also pieces of the large stem-tumors, 
a second time. Platings were made from both lots but neitlier the 
crowmgall nor any otlier constant organism appeared on the plates. 

- In an orchard where stem-tumors were quite prevalent 44 trees were 
examined at the roots and w'oolly aphis root galls found on 34 of them; 
32, of tliese rootgalled trees had stem- tumors, and onh^ one tree was 
found with stem-tumors which did not also have the aphis rootgalls. 
On the roots of one of the trees most severely affected with ^stem- 
tumor the woolly aphis was present in great numbers and had produced 
root- tumors (PI. 3, C). The same insects were present on tlie branches 
also and were abundant on the stem- tumors (PL 3, D). No crowngall 
.was found on any of the trees. 

Not all varieties of apple trees appear to be subject to ' these stem- 
tumors. The character of the soil and cultivation may have much to do 
with this, "but some varieties, as the Early Harvest, seem susceptible 
under any conditions. , Very susceptible varieties which have come under 
the observation of the writer are the following: Early Harvest, Wagoner, 
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Martin, Buckskin, Grimes, Ben Bavis,. Barnes’ Best, Ensee. There were 
10 varieties in an orchard examined which were less susceptible than 
the above named in varying degrees.. All had woolly aphis rootgalls. 
The stem- tumors varied in size and number (PL 2, B and C) and on 
some trees there were indications that the tumors had kept on develop- 
ing for some years; then some change in conditions took place and the 
newer branches were clean, since few or no tumors had formed during the 
last years. Four apple varieties in this orchard, Titavka, Loy, Bethlemite 
and Van Hoy, had no stem- or root- tumors and did not seem susceptible. 
The first three varieties had no woolly aphids on them anyivhere. 
Although Van Hoy had some of the woolly aphids on the young twigs 
there were no swellings. 

In a young orchard consisting of 58 apple trees, two of which were the 
Early Harvest variety, these two were the only ones with the woolly 
apple aphis on the stems and the only ones with stem- tumors. 

Other varieties, such as the Chenango, Spitzenberg and King, affected 
with stem- tumors, were received from various parts of the United States. 

A bad feature of the numerous stem-tumors on apple trees is the 
opportunity it provides for secondary organisms to get into the stem 
and ultimately cause more damage than the stem-tumor itself. The 
tumors are composed partly of soft cortex tissue which wood-invading 
insects can feed on and get through into the deeper portions of the stem^ 
continuing their work of invasion throughout the year and forming 
great holes. The movement of sap is, of course, interfered with, which 
in turn affects the whole life processes of the tree. The breaks in the 
surface of the bark where the tumors push through likewise offer an 
entrance for the pear-blight organism, Bacillus amyloDorus^ which also 
causes greater damage than the stem-tumor (PL 2, D). 

From the report of the results of Br. J. J. Taubenhaus’ work ^ with 
apple stem-tumor, it seems that Bacterium tumefaciens may occasionally 
cause stem-tumor on apple tree perhaps similar in appearance but of 
different origin from that described in this paper. 

It is theoretically possible for Bacterium tumefaciens to produce tumors 
naturally on apple stems as well as on the crown and roots, for galls 
have been produced artificially by inoculating apple stems with Bacte- 
rium tmnefaciens (PL i, B). So far as the writer’s observation goes, this 
organism confines its work in nature to the production of galls and hairy- 
roots on both crown and roots of apple trees. The cases of apple stem- 
tumor from various parts of the United States examined by the writer 
did not contain Bad. tumefaciens in a single instance. 

CONCLUSIONS 

Outgi'dwths on stems of apple trees herein described, and 'heretofore 
generally believed to be due to infection by Bacterium tumefaciens, the 
organism producing typical crowngall, are not secondary outgrowths 
from tumor strands nor are they primary infections of the crowngall 
organism. Although such conditions have not been observed 'by the 
wTiter, it is possible that in some regions there may be aerial tumors for 
which the crowngall organism is responsible. 


s Abams, j. F. diseases o? fruit and nxjt crops in the united states in 1922. U. S. Dept. Agr. 
Bur. Plant Indus. Plant Disease BuL, Sup. aS, p. 308. 1923. (Mimeograplied.) 
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Tlie, .root projections on the .stem- tumors carrying darkened * and 
usually infected tissue deep into the tumors, and the hard woody nature 
of the outgrowths themselves, make isolations difficult. When Bac- 
terimn tmnefaciens did not appear on the isolation plates, it was thought 
due to the dry or old condition of the material used, and it was not 
until 1923, when young, tender stem-tumors were studied along with 
older tumors, that the conclusions given in this paper were reached. 

'l^ether or not the woolly apple aphis is the primary cause of the 
stem- tumors on mature apple stems herein described has not been within 
the scope of this investigation. There is a possibility, of course, that 
an organism may be transmitted by the aphids into the stems of apple 
trees — an organism which undergoes a change through insect transmis-* 
sion and which on that account does not retain its ability to infect after 
it has been isolated. This might explain the appearance on agar plates 
of colonies isolated from apple stem-tumor which at first so strikingly 
resemble the crowngall colonies, but lose this resemblance when cultured 
artificially and which also fail to infect when inoculated into apple trees 
and other plants susceptible to Bacterium tumefaciens. Had crowngall- 
infected apple trees been in the neighborhood of the apple trees affected 
.by stem-tumor, the writer would be inclined to give attention to this 
possibility. But she found none. It seems, therefore, that BacL iume- 
jaciens is eliminated from the consideration. 




PLATE I 


A. — Stem-tumor of apple tree from West Virginia. Natural size. Photographed 
April 22, 1923. No crowngall organism could be isolated from these tumors. 

B. — Crowngall on apple stem produced by inoculating with Bact, tumejaciens 
(peach strain). Inoculated March 11, 1908. Photographed August 10, 190S; three- 
fourths natural size. 

C. — Old and young stem-tumors on Wagoner apple tree, Virginia; one-iifth natural 
size. 
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PLATE 2 

A. — Early stage of apple stem-tumor on Chenango Strawberry apple tree, West 
Virginia; natural size. 

B. —Young stages of stem -tumor on Buckskin apple tree. The three pieces show 
three different years’ gro't^lh of tumors on the same stem. Natural size. Plated 
from the largest outgrowth, but no crowngall organism ’was present. 

C. — Older stage of stem-tumor on Buckskin apple tree, showing masses of aborted 
roots; one-fifth natural size. Same tree as B. 

D. — Old stem-tumor on Spitzenberg apple tree from Oregon showing pear blight 
at X and as a secondary disease. Natural size. 



Pi/AXBa 

A. — Beginning of apple stem-tumor at X, and X\ Woolly apple aphis abundant 
at these places. Early Harvest apple tree, Maryland. 

B. — Type of stem-tumor on Martin tree, which shows few or no masses of aborted 
foots. At X a few are ready to burst through the bark. Platings were made from 
tumor X. No crowngall organism was present. \yooUy apple aphids were on these 
tumors; one-third natural size. 

C. — ^Wooily apple aphis root galls on Buckskin apple tree; natural size. Same tree 
from which stems B and C of Plate 2 were taken. 

B. — Early stage of apple stem-tumor on Buckskin apple tree from Virginia. X5. 
Negative platings were made from these also. Note presence of woolly apple aphis. 
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MORPHOIvOGICAL CHARACTERS OF AETERNARIA MAEI 

ROBERTS^ 

By John W. Roberts 

Pathologist, Fruit-Disease Investigations, Bureau of Plant Industry, United States 

Department of A griciilture 

Some years ago Alternaria mali was described by the writer {i6) - and 
shown to be involved in a peculiar spotting of apple leaves. Alternaria 
mali does not originate these spots, but, gaining entrance through areas 
killed by Physalospora cydoniae (Sphaeropsis malormn), by chemicals 
such as sprays, or by other means, enlarges the dead spots, giving them 
a peculiar and characteristic appearance. A spot thus formed consists 
of the original dead area mth semicircular or crescent-shaped enlarge- 
ments about it (PI. I, B). One might conceive of such a spot as being 
formed by infections taking place indiscriminately within the tissues of 
the original dead area. The fungus growing at equal pace in all direc-' 
tions from each of these infection centers would occupy circular areas, 
only part of which would project beyond the original spot. Where 
there is a single infection, in the center of a circular spot, the enlarge- 
ment appears as a differently colored zone surrounding the original spot 
and concentric with it. By means of new infections the increase in size 
may be such that one spot may involve almost an entire leaf, appearing 
as a more or less circular (original) spot surrounded by consecutive 
crescent-shaped enlargements. The striations or zones within the 
spots greatly resemble those produced by species of Alternaria on the 
leaves of other hosts. 

Crabill (7) does not agree that Alternaria mali is the cause of the 
enlargement of spots initiated by Physalospora cydoniae. His inocula- 
tion experiments were apparently very few in number and his results 
indecisive. Of the writer's work Crabill states: “His photographs, 
however, show that the enlargements produced by artificial inoculation 
with A. mail are not at all typical. They are too uniformly spreading 
to resemble the clear-cut crescents of the typical frog-eye spot.'' Yet' 
these photographs show a remarkable resemblance to figure 4 of his 
bulletin, labded “Frog-eye leaf spots as they appear in midsummer." 
As a matter of fact, both Crabill ’s photographs and tliose of the writer 
would have shown the crescents more clearly cut had the leaves been 
allowed to become older and dry before photographing. The writer 's 
experiments involved more „than 3,000 spots, and the results in all experi- ■ 
ments involving Alternaria mali were quite decisive. The fungus was 
found constantly associated with ‘characteristic spots on apple leaves 
from Yirginia, Maryland, Tennessee, Arkansas, and Missouri. 

THE GENUS x^bTERNARIA 

The difficulties underlying attempts to identify species of Alternaria 
are appreciated by all those who have, ever undertaken the task. . Many 
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of the species are described so vaguely or so briefly that almost any mem- 
ber of the genus could be placed within them. Many investigators, 
finding an Alternaria on a new host, have made a new species of it and 
published a brief description wholly inadequate for purposes of positive 
identification. 

Elliott (9) has done much toward the establishment of the generic 
limitations of Alternaria and has sorted out some of the species into 
groups. He states : “No final disposition of the present specific names of 
Alternaria and Macrosporittm can be made without a study of authentic 
specimens of each species. Most of the descriptions are far from being 
complete or definite enough to permit their being used for this purpose.” 
Until such work as Elliott suggests is done, the identification of species 
of Alternaria must in most cases be quite uncertain. ** 

Elliott's emended description of the genus is such that A. mali un- 
doubtedly belongs within it. His description is as follows: “Alternaria 
Nees. Conidiophores solitary or fasciculate, erect or subdecumbent, 
pimple or branched, generally short, colored. Conidia muriform, often 
with few longitudinal septa, ovate, obclavate, or elongate, always with 
more or less definitely pointed apex, often long-beaked, colored, under 
favorable conditions forming chains. (Ex. A . tenuis ^ type of the genus.) ” 

The writer has studied Alternaria mali as found growing in dead spots 
on apple leaves and as cultivated on artificial media. In addition, 
Alternaria tenuis^ from Europe, and species isolated from the leaves of 
lilac, forsythia, and blackberry and from the fruits of apple, cranberry, 
and blueberry have been grown on artificial media and studied. 

All these forms, while resembling one another in many respects, revealed 
many points of difference. In some species the hyphae were almost 
colorless, forming a thin scarcely perceptible crust over the surface of a 
plate of corn-meal agar with an exceedingly scant production of conidia 
and no aerial hyphae. Others formed a dense, nearly black crust with 
a copious production of conidia and no aerial hyphae. Still others pro- 
duced a black crust with abundant conidial production at its surface and 
an abundance of more or less flocculent aerial mycelium or a greenish- 
gray aerial mycelium so dense as to form a thick carpetlike growth over 
Sie surface of the culture medium. A few produced an abundance of 
dirty white aerial hyphae with a very scant growth in the medium or 
along its surface and a very scant production of conidia. 

In the species studied the conidia conformed to the generic descrip- 
tion, that is, they were ovate, obclavate, or elongate. In most of these 
obclavate conidia predominated, but ovate conidia were found in cul- 
tures of all except one form which produced elongate forms exclusively. 
In the species producing practically no aerial hyphae, elongate conidia 
predominated. While the surfaces of the spores were usually smooth, 
in some forms verrucosity was quite common. An entire conidium or 
only a part of it often possessed a verruco.se surface. If only a part of 
the conidial wall was verrucose, it was in a strip or band at right angles 
to the long axis of the conidium. Verrucosity or absence of verrucosity 
was not so much a difference between conidia as between chains of coni- 
dia, the conidia of individual chains usually being all verrucose or all 
smooth- walled. The presence or absence of verrucosity appears to be 
due to highly localized conditions of the immediate environment, if one 
judge from selection experiments reported upon later in this paper* 

The conidia of all the species were produced in chains with the narrower 
end distal. De Bary (i), Jones (ii), Elliott (9), and many others found 
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this to be true of the species studied by them, and that the conidia of all 
species of Alternaria are so arranged is generally believed. However, in 
examining published illustrations of Alternaria, even of quite recent date, 
one finds drawings in which the broader end of the conidium occupies 
the distal position. It would be interesting to know' whether or not 
such forms really exist. 

At the distal end of each conidium, except quite frequently the last 
one formed in the chain, there is a stalklike projection, variously known 
as tlie isthmus, beak, or appendage. It is not so deeply colored as the 
conidium and may even be hyaline or nearly so. It may be quite short 
and swollen or long and slender, nonseptate, uniseptate, or even multi- 
septate (fig. i). It is formed by a growth or a budding of the conidium 
at a time when it is the youngest of the chain, that is, when it occu- 
pies the distal position in the chain. From this outgrowth the next 
spore in the chain is developed. In descriptions of species of Alternaria 
the term conidiophore is usually applied only to the outgrowth from 
the conidia-bearing hypha which supports the first formed conidium of 
the chain. In this sense it is considered as the conidiophore for the 
whole chain. The so-called isthmus or beak may also be considered as 
a conidiophore, not in relation to the conidium from which it is an out- 
growth and to which it remains attached, but in relation to the distally 
situated conidium which grew out from it. This view is supported by 
the fact that it becomes separated from this conidium as most conidio- 
phores become separated from the conidia which they bear. In one form 
studied the so-called isthmi or beaks tended finally to collapse and disin- 
tegrate, which is also a fairly common behavior of conidiophores. A con- 
sideration of isthmi as conidiophores also offers an explanation as to why 
the end spores of the chains often have no isthmi or have especially long 
ones. In the former case budding has not started; in the latter the 
long, septate hyphalike structures which may become new conidia and 
conidiophores have been formed. The same sort of budding, but at 
right angles, makes the branches of the chain. The isthmi or conidio- 
phores often do not have as thick walls as the conidia. The tip often 
appears to be swollen and turgid, a condition which facilitates the 
breaking up of the chain through lessening the line of contact between 
the isthmus and the immediately distal conidium. Wlien, however, a 
breaking up of the chain does not occur at this stage, as often happens 
when the chain lies along the surface of the culture medium, it is finally 
brought about by the shrinkage and disintegration of the isthmi. In 
this way, also, they perform a separative function. They are often more 
than one-celled and are incapable of germination. ‘ In the case of mature 
conidia the dividing line between conidium and isthmus (conidiophore) 
is easily determined by the position of the convex end of the conidium 
and by the ^eater width and deeper color of the conidium; in older 
conidia the disintegration of the isthmus may also indicate the dividing 
line. ' 

TECHNICAL DESCRIPTION 

Alternaria mail, — Realizing that the original description of Alternaria 
maid {16, p, 5<S’) was too brief to be of proper use in identification, the 
writer undertook a more careful study of the fungus as it develops natu- 
rally , on. apple leaves, as it appears on apple leaves left in moist chambers 
for several days, and as it grows on artificial culture media. It is hoped 
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that the description which follows is sufficiently detailed to penult of 
identification by subsequent investigators, though lack of knowledge 
concerning the genus as a whole prevents one from knowing what char- 
acters should receive particular attention. 

Hyphae on the surface of apple leaves are normally scant or lacking, 
dark olive when present; but in moist chambers they are abundant and 



Fig. j, — A. Coiiidia of AUtrnaria mail as produced on apple leaves and above the surface in coiii-nieal 
agar cultures. B. Types of conidiophores including the so-called beaks or isthmi. C. Outline of a 
verrucose comditun. D. Conidia produced on the surface of the medium in com-meal agar cultures. 
E. Conidia of form B produced at the surface of or in the ciiitiire medium. F. Conidia of form B 
with long stvcalled beaks or isthmi. A, B, D, E, and F X 323. C X 525. 

are light gray in mass with occasional darker areas. In corn-meal agar 
cultures fiie hyphae at or near' the surface of the medium vary from 
nearly hyaline to dark olive, the latter predominating. On apple leaves 
1±eir arrangement is usually fasciculate, but on artificial media they may 
lie ' parallel to one another and nearly in one plane, forming a sheet or 
layer. The hyphal segments are short, often no longer than their width, 
without constrictions at the septa. They are 3 to 8 wide and seldom 
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more than twice as long, mostly unbranched except that conidiophores 
may spring from them. Aerial hyphae either .on apple leaves kept in 
moist chambers or in corn-meal agar cultures are nearly hyaline to light 
amber, often geniculate, branched, occasionally joined together (reticu- 
late), segments relatively much longer than in surface liyphae 3 to 5- ^ 
wide, length quite variable 5 to 25 p, ot longer, often constricted at the 
septa, especially when old. 

In old cultures the hyphal segments often become swollen to form 
chains of chlamydosporelike bodies. 

The conidia (fig. i and PL i, C) on apple leaves form tiny black masses, 
which separate easily from the leaf. In corn-meal agar cultures, chains 
of conidia form a dark carpet-like mass over the surface of the medium. 
Conidia also occur to some extent scattered through the aerial hyphae 
and at the surface of or in the medium. They -are light amber to very 
dark olive or nearly black, those produced just above the surface of the 
mediiitii being the darkest and those produced on aerial hyphae well 
■above the medium being the lightest. The typical arrangement is 
in simple or branched chains. Septation may be transverse and longi- 
tudinal (muriform), with constriction at the septa especially when old. • 
Yerrucose outer walls (fig. i, C) are common and sometimes the rule. 
The number of septa vary with the size and shape of the conidium. 
In general, conidia produced along the surface of or in the artificial 
culture medium are much longer and narrower than those produced in 
chains projecting above the medium or on aerial hyphae (fig. i, D, E). 
Narrow^ conidia are more of ten without longitudinal septa. 

The conidiophore subtending the first-formed conidium of a chain 
is produced at approximately right angles to the hypha (fig. i, A). 
It is often short and nonseptate or one-septate, but it may be long and 
multiseptate (fig. i, B). Usually, it is broader than the hypha 
from which it was produced. When the conidium separates from it, 
a dark-colored scar is seen at the point of attachment (fig. i , B) . It is 
usually smooth with a swollen apex, but in older cultures it may be at 
least as many as three times geniculate, each joint denoting the origin 
of a chain of spores (fig. i, B). These conidiophores of the initial 
spores of the chains are usually fasciculate on apple leaves in nature, 
and are often so in artificial cultures. 

The conidiophores (isthmi) supporting subsequent members of the 
chain are outgrowths from terminal (distal) segments of' conidia, or in 
branched chains, lateral outgrowths from nonterminal segments. They 
resemble the conidiophore of the initial conidium very closely. They 
are swollen at the tip, may be nonseptate or multiseptate, short or long, 
straight,' angled, or geniculate '(fig. i, ,B). In color they range from 
nearly hyaline to olive, the former predomnating except when old. 

In all the following measurements and in all consideration of septation 
tlie conidiophore or isthmus is not regarded as part of the conidium. 
Unless otherwise specified the word' "‘septate” means “transversely 
septate.” In each series,- the measurements (in microns) ' are of ,50 
conidia taken at random. Conidiophores were measured at their 
greatest width. 
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Meastirenients of conidia from spots on apple leaves» (Arlington 


Experiment Farm, Rosslyn, Va., September, 1921): 

A Vera lie. 

1- septate (2 per cent), 16x9 16 x 9 

2- septate (10 per cent), 19 to 22 x 8 to 13 21x11 

3- septate (56 per cent), 20 to 29 x 8 to 13 , 25 x la 

4- septate (22 per cent), 27 to 38 x 9 to 15 3’^ x 13 

5- septate (10 per cent), 42 to 46 x 9 to 15 43 x 13 

Witii longitudinal septation (78 per cent) width ii to 14 13 

Without longitudinal septation (22 per cent) width 8 to 13 10 

Conidiophores (isthmi), 2 to 30 x 3 to 5 6x4 

Number of septa for all the conidia 3. 28 

Dimensions of all the conidia 28 x la 

Measurements of conidia from a nine-day-old culture on a corii-tneal ■ 
agar plate (fungus newly isolated from spots on apple leaves) : 

Averase, 

1 - septate (2 per cent), 13 x 7. . . . 13 x 7 

2- septate (iS per cent), 17 to 21 x 8 to 13 19 x ii 

3- septate (46 per cent), 21 to 29 x 9 to 13 24 x ii 

4- septate (22 per cent), 29 to 37 x 9 to 14 34 x 12 

^yseptate (6 per cent), 34 to 38 x 8 to 13 36 x ii 

, 6-septate (6 per cent), 36 to 46 x 10 to 13 41x12 

With longitudinal septation (76 per cent), width 10 to 14 12 

Without longitudinal septation (24 per cent), width 7 to ii g 

Conidiphores (isthmi) 2 to 12 x 2 to 5 5x4 

Number of septa of all the conidia 3.30 

Dimensions of all the conidia. .. .* 27x11 


Measurements of conidia from a nine-day-old culture on a corn-meal 
agar plate (fungus isolated from apple leaves and grown in artificial 
culture about one year) : 

Average. 


i-septate (8 per cent), 13 to 15 x 8 to 9 14x8 

2”Septate (20 per cent), 17 to 25 x 8 to 13 ...... ; . 20 x 10 

3- septate (56 per cent), 20 to 29 x 8 to 13 25 x 1 1 

4- $eptate (8 per cent), 25 to 34 x 9 to 12 30x11 

5- septate (4 per cent), 34 x ii to 12 34 x, 12 

6- septate (4 per cent), 42 x 9 to 13 42 x 1 1 

With longitudinal septation, 58 per cent, width 9 to 13 . 12 

Without longitudinal septation, 42 per cent, width S to ii 9 

Conidiophores (isthmi), 3 to 12 x 3 to 5 5x4 

Number of septa for all the conidia '2,92 

Dimensions of all the conidia 24 x x i 


AUernaria mal% in addition to causing enlargements of dead spots on 
apple leaves, is capable of infecting the fruit. It is reported by Reed 
and Crabill (15) as causing a soft rot of the fruit of the York Imperial 
variety of apple follovdng '‘skin crack” and “York spot.” 

Wolf (ai), Longyear (ij), Clinton (5), Stakmaii and Rose (ip), and 
Cook and Martin (< 5 ) reported on species of Altemaria isolated from apple 
fruits, but gave no descriptions of them. Longyear’s drawings show that 
his fungus greatly resembles and is possibly identical with Altemaria 
mali. Longyear also found the fungus growing on the leaves and sprouts 
of the pear. 

Mclnnes (14) and Home (lo) give descriptions of the species of Alter- 
naria which they found in dead spots on apple fruits. Of these species, 
Altemaria pomicola Moxm: has much larger spores than AUernaria malL 
The AUernaria tenuis variety X of Mclnnes resembles Altemaria mali 
much more closely but has somewhat larger conidia. 
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From zonate spots on leaves of the common lilac gi'owing near the 
apple trees at Arlington Experiment Farm, from which Alternaria 
mali was obtained, an Alternaria was isolated whose conidial meas- 
urements closely approximate those of Alternaria mali. In corn-meal 
agar cultures, however, it forms a thick olive green ' mat , over the 
medium which is quite different from any observed growth of Alternaria 
mali. 

VARIATIONS IN ALTERNARIA MALI 

Variations, mutations, and races or strains among species of the Fungi 
Imperfect!” have been noted by Bonar (5), Brierley (j), Burger (4), 
Crabill {8), La Rue (12), Shear and Wood {18), Stevens (ao), and 
others. The observation that man}’^ of the conidia of Alternaria mali' 
have verrucose walls induced the writer to attempt to secure by selection 
a race having smooth conidia exclusively and another having verrucose 
conidia only. Starting with the progeny of a single conidium, selections 
of nonverrucose conidia were made through one series, while in another 
series attempts were made to select those having the highest degree of 
verrucosity. The method of isolating the selected spores has been 
described by the writer (17) in a previous publication. It was thought 
that continued selection might bring success, but after 22 generations, 
covering a period of two years, no difference in verrucosity could be 
noted between the conidia of the two series. The results of these selec- 
tions agree with those obtained by La Rue {12) in his selections for spore 
length and length of spore appendages in Pestalozzia guepini. It is 
possible tiiat environment is the sole reason for the variation in verru- 
cosity, but the difficulties surrounding such attempts at selection are 
very great and no conclusion should be drawn. One can not be sure that 
out of all the conidia produced in the selected culture he is choosing 
those showing the greatest verrucosity. Neither can he be certain that 
the conidium which he considers as smooth might not become verrucose 
when older. Thus he may be simply selecting along an average. It 
must also be remembered that a single conidium of Alternaria is really 
not a single but a composite conidium usually consisting of many parts 
each capable of independent germination. The chance for variation 
in the progeny of a single conidium accordingly may be very great. 

While carrying on this work the writer observed a plate culture in 
which one section of the growth appeared quite different from the re- 
mainder. In this part, which will be designated as “A,” practically no 
aerial mycelium was produced, but there was a dark carpetlike mass 
over the surface of the medium, with olivaceous conidia produced in 
large numbers. ' The remainder of the growth, which will be designated 
as “B,” had abundant gray aerial mycelium with a scant production of 
long amber-colored conidia occurring in long chains running along the 
surface of the medium and parallel to it (fig. i, E/F). Selections 
were made from each of these two forms for the purpose of attempting 
to establish ‘'pure lines.” Transfers were made weekly from the growths 
of previous transfers showing the greatest growtli of A and B, respectively. 
The selections were grown side by side, one of A and one of B on corn- 
meal agar in the same Petri dish. From the first, selection A showed but 
little tendency to break up into A and B. After the tenth selection it 
came true until the cultures were discarded. B broke up into A and B 
sections with great constancy during the first 57 selections, though the 
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B parts of the growth were usually much the larger. Prom the fifty- 
eighth to the sixty-ninth and last selection B remained constant. (PL i , A, 

We thus have two races arising from a single conidium, neither of which 
in culture is exactly like the parent. A lacks the aerial hyphae of the 
parent, while B fails to produce the thin carpetlike layer bearing charac- 
teristic conidia, producing, instead, the long slender spores at or beneath 
the surface of the culture medium. B grows more rapidly than A. 
There w^as no chance that A and B were from a mixed or contaminated 
culture, for they were not only the progeny of a single conidium, but of 
a succession of 15 singly selected conidia. 

Brieriey (j) suggests that while variations in the “Fungi Imperfect!’' 
may be due to mutation, they may perhaps be more wisely interpreted 
in terms of the splitting of an originally impure genetic constitution or 
of gametic or somatic segregation from heterozygotes. In fungi not 
known to have a sexual stage, he suggests the possibility of genetic con- 
tamination by the fusion of hyphal cells. Until such contaminations 
can be shown to occur, it seems more logical to consider the aberrant 
strains as due to mutation while admitting the possibility of genetical 
contamination. The fact that neither of the two races of Alternaria,. 
was exactly like the parent lends some support to the genetical contami- 
nation theory. 

The following measurements were obtained from 50 conidia of each 
race taken at random from nine-day-old cultures growing side by side 
in a corn-meal agar plate. Conidial measurements are in microns and 
do not include conidiophores (isthmi). Unless otherwise specified the 
word “septate” means “transversely septate.” 


RACE A 


1- septate (4 per cent), 9 to 13 x 7 to S 

2 - septate (26 per cent), 15 to 21 x 7 to ii 

3- septate (34 per cent), 21 to 2S x 7 to ii. 

4- septate (10 per cent), 27 to 36 x 8 to 12 

5- septate (i8 per cent), 34 to 38 x 8 to 12 

6- septate (6 per cent), 38 to 42 x 9 to 12 

7- septate (2 per cent), 42 x ii. 

Witli longitudinal septation (36 per cent), width 8 to 12, .. . 
Without longitudinal septation (64 per cent), width 7 to ii 

Conidiophores (isthmi) 4 to 6 x 3 to 6. 

Number of septa of all .the conidia. ............................. 

Dimensions of all the conidia. 


Average, 
II X S 
iSx 8 

23 X 9 

32 X 10 

35 -"^ 9 
39 X 10 
42 X II 
10 
S 

5X 4 
3- 3^ 

' 26 x 9 


RACE B 

3- septate (12 per-cent), ,27 to 3,4 x. 8 to 12 

4- septate (18 per cent), 34 to 42 x '8. to 9. ■ 

5- septate (22 per cent), 38 to 57 x 7 to 9. 

6- septate., (18 per ce.nt), 40 to 55 x 8 to 12 

7- septate, (20 per. cent), 57 to 67 x 7 to 13 

8- septate (4 per cent), 76 x 9 to 10 

9- septate (4 per cent), 63 to 80 x ii 

10- septate^(2 per cent), 88 x 10. . 

'With longitudinal septation (18 per cent), width 10 to- 13. .. 
'Wd,thout longitudinal septation (82 per cent), ividth 7 to 10, 

Conidiophores (isthmi)- 5 to 14 x 4 to 6 

,Niimbe,r of septa for all the conidia 

Dimensions of ail the conidia • 


Average, 
32 X 10 

"39x9 

45 x 8 
48 x 9 
60 X 10 
76 X 10 
72 X II 
88 X 10 
12 ' 



0x5 

5 - 54 
49 x 9 
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Tlie following iiieasurements of 50 conidia from a id-day-old culture 
of race B on corn-meal agar are of interest because of tlie long coni- 
diophores (isthmi) : . 

Average . 


2- septate (2 per cent), 21x8 21x8 

3- septate (10 per cent), 22 to 39 x 7 to g 30 x 9 

4- septate (18 per cent), 32 to 42 x 8 to g '37x8 

5- septate (30 per cent ), 32 to 52 x 8 to ii 40 x 9 

§-septate (22 per cent), 44 to 52 x 8 to 10 48 x 9 

7-septate (14 per cent), 48 to 59 x 8 to 12 54 x 9 

0-septate (4 per cent), 52 to 63 x 8 58 x 8 

With longitudinal septation (16 per cent), width 9 to 12 ' 10 

Without longitudinal septation (84 per cent), width 7 to 9 8 

Conidiophores (isthrni) 61059x3105 18x4 

Conidiophores having a length of more than 20 were i to 4 septate. 

Number of septa of all the conidia 5. 22 

Dimensions of all the conidia 43 x 8 


The larger conidia and conidiophores of race B were possibly due to 
the nutritional advantages incident upon their location in or at the sur- 
face of the culture medium. It should be noted that the measurements 
of race A and the parent are not greatly different. The differences 
between A and B -were not due to differences of environment, since they 
were grown side by side in the same plate,’ but it is possible tliat the con- 
ditions attending growth on culture media may have acted as a stimulus 
to the disclosure of certain differences not apparent in nature. 

Mutations were also observed in other single conidium cultures of 
Alternaria mali from apple leaves and single conidium cultures of the 
Alternaria isolated from lilac leaves. On the other hand, species from 
cranberry and blueberry supplied by Dr. Neil E. Stevens and subse- 
quently grown by the wnriter from single conidia showed no tendency 
toward mutation. An Alternaria from blackberry supplied by Dr. B. O. 
Dodge showed two distinct forms from the first culture. Single conidium 
cultures were not used here, however, and it is possible that two distinct 
species w'ere present, A culture of Alternaria tenuis supplied by Dr. 
Johanna WesterdJ^k showed no tendency toward variation, though grown 
in plate cultures with frequent transfers. 

SUMMARY 

Alternaria mali often enters apple leaves through injured or dead spots 
and forms about them characteristically crescent-shaped or circular 
enlargements. A brief discussion of some of the morphological characters 
of the genus Alternaria based on observation of species from apple, lilac, 
cranberry, blueberry, blackberry, and forsythia is given. A . mali is 
described more fully than formerly and more detailed measurements 
of conidiophores and variously ■ septate conidia are given. Variants, 
considered as due to mutation, were found in “single spore’' cultures of 
A. malL 
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PLATE I 


A. — Alkrnaria mali. Cultures of forms A and B in a Petri dish of cprn-nieal agar„ 
Each lias broken up into the two forms, 

B. — Spots on an apple leaf showing about the original central spot the type of 
enlargements caused by AUernaria mali. 

C. — Conidia of Alkrnaria mall from a culture on corn-meal agar, X446. 
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PLATE 2 


Aliernaria mali. Cultures of forms A and B in Petri dishes of corn-meal agar. 

A. — Both forms have come true, 

B. -~Form A has come true but B has broken up, producing much more of A than of 




NATURAL ANTISHEEP AMBOCEPTOR AND COMPLE- 
MENT IN THE BLOOD OF FOWLS ^ 

By F. R. Beaudette; and L. D. BushneEE, Depariment of Bacteriology, Kansas Agri- 
cultural Experiment Station 

INTRODUCTION 

The attention of the writers was first directed to the dissolving action 
of fresh, chicken serum upon the blood corpuscles of the sheep during 
some hemolytic experiments with the blood serum of chickens known 
to be carriers of Bacterium pullorum. Whether the lytic action of the 
chicken serum was due to the presence of a natural antisheep amboceptor 
or to complement, could not be stated. An endeavor was therefore 
made to determine the presence of these elements in the serum. 

REVIEW OF LITERATURE 

Bordet {2) - was the first to call attention to the hemolytic and hemag- 
glutinating action of chicken serum upon the cells of other animals. He 
also noted the marked susceptibility of rabbit corpuscles to the action 
of this serum. He was able to produce an antihemolysin -that prevented 
the action of chicken serum upon rabbit corpuscles. In discussing the 
presence of sensibilisatrice in normal sera he states that it is necessary 
to be cautious in drawing conclusions. Because a serum agglutinates 
blood cells does not necessarily mean that they are sensitized to the 
action of alexin. For example, he states that rabbit corpuscles, although 
strongly agglutinated by chicken serum heated to 55*^ C., are then no 
more susceptible to the lytic action of normal guinea-pig serum than are 
rabbit corpuscles untreated by heated chicken serum. 

Muller (5) verified Bordet's observation, but concluded that the 
hemolytic action of chicken serum is to be ascribed to an amboceptor- 
alexin combination. This author did not succeed in separating ambo* 
ceptor and alexin by use of absorption in the cold as recommended by 
Ehrlich. Muller sought to demonstrate the presence of the two com- 
ponents by adding an amount of fresh chicken serum that 'would not 
hemolyze a given amount of rabbit cells and by the addition of inactivated 
(heated) serum so to reinforce the hemoEd:ic strength that solution of 
the blood corpuscles would take place. His results -w^ere negative. 
The negative results 'v^^ere thought to be due to the fact that chicken 
serum has so little alexin that it could not activate the amboceptor present 
and would naturally exert no effect. To prove this point he increased 
the alexin of the chicken serum by injecting the birds wdth various sub- 
stances such as peptone, bouillon and aleuronat. By this method the 
alexin content was increased so that from 0.03 to 0.07 cc. of this fresh 
serum would cause complete hemolysis of rabbit corpuscles in the pres- 
ence of 0.2 to 0.3 cc. of heated chicken serum. The fresh serum alone 
'ivas less active than the fresh serum plus heated serum. The heated 
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serum alone' was completely inactive. It was found that about 0.15 
cc, of fresh pigeon serum hemotyzed i cc. of a 5 per cent suspension of 
rabbit corpuscles in the presence of 0.2 cc. of inactivated chicken serum. 

Liidke {4) discusses hemagglutinins in chicken and duck serum for 
the red blood corpuscles of other species. He found that fresh serum 
from a 3 day-old chick agglutinated and dissolved human and rabbit 
blood corpuscles in about 10, minutes, but this serum lost the lytic power 
and most of the agglutinating power after being heated for one-half hour 
at 55 C. 

vSertim from a normal 3-day-old duck agglutinated blood corpuscles of 
the sheep almost immediately, in dilutions of i part to 10, and slightly 
in dilutions of i part to 20. The hemagglutinins disappeared when the' 
serum was heated to 60° to 65^ C. Fresh duck serum caused complete 
agglutination of guinea-pig corpuscles in 5 minutes. vSticli serum showed 
a trace of agglutination for human corpuscles and a strong agglutination 
of rabbit corpuscles followed by lysis. After heating this serum at 
50^ to 55^ C. there was partial agglutination of guinea-pig cells, none for 
human corpuscles and complete agglutination in 5 minutes for those of 
the rabbit. After heating at 55° to 60"^ C. no agglutination for guinea 
pig or liiinian corpuscles was observed, but complete agglutination for 
rabbit corpuscles occurred in one-half hour. 

Rywoscli (7) studied the hemolytic action of the blood of embryo 
chicks upon rabbit corpuscles. No hemolysis could be demonstrated 
with em'br}"0 chick serum. One- tenth cc. of serum from a chick 5 da5"s 
of age caused complete hemolysis of 0.2 cc. of 5 per cent rabbit cell sus- 
pension and \ms almost complete for 0.5 cc. This author found that 0.08 
cc. of serum from an adult bird caused complete hemolysis of i cc. of 5 
per cent suspension of rabbit corpuscles. An attempt to show that the 
negative results were due to lack of amboceptor failed. These tests 
were conducted with vaiying amounts of chick embr3^o serum and inacti- 
vated serum from adult birds. Serum from 5-da3^-old chicks added to the 
inactivated serum from adult birds caused complete hemolysis. This 
author seemed to think that the embryo serum lacked both amboceptor 
and complement for rabbit cells. 

Sherman {8) examined blood from chick embryos and reported as 
follows: In no case was'lysin found in any embryo except those of 2,1 
days’ incubation, and in this case the chicks were pecking their way out of 
the shell. . Their serum contained lysin for rabbit erythrocytes only, o, i 
cc. of serum being required to lake completely o.i cc. of a i per cent 
erythrocyte ■suspension. ■ Complement vras found in the embr^^o serums 
of 17 and 21 days’ incubation; it required 0.05 cc. of the serum of the 
younger embryo and o.i cc. of that of the older to lake completely o.i 
cc. of 1 per cent suspension of rabbit erythrocytes when i unit of ambo- 
ceptor (dog) was added. No embiw^o serum examined contained com- 
plement for sheep, goat, or human erythrocytes. 

: Rissling (6) studied the hemolytic and hemagglutinating action of the 
serum of various species upon the blood corpuscles of others. He used 
fresh blood corpuscles. These were washed twice and used in i per cent' 
suspension in salt solution. For agglutination tests the serum wms 
inactivated at 56^ C. for one-half hour. The tests were incubated at 
37^ C. for two, hours. Goose serum was found to agglutinate sheep cells 
w^hen diluted to i part to 10. Duck and chicken serum in these dilutions 
'did not agglutinate sheep cells. Chicken serum, caused agglutination o,f 
'Corpuscles of various animals in the following dilutions: Human, x to 50; 
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horse, i to 50; swine, i to 300; rabbit, i to 300; guinea pig, i to 20; goose, 
1 to 80; duck, I to 90; and pigeon, i to 90. 

In liis hemolytic experiments Rissling used a 5 per cent suspension of 
corpuscles. The serum was obtained fresh. Goose, duck, pigeon, and 
chicken serum caused no hemolysis of sheep cells in amounts of 0.5 cc. 
Chicken serum was found to cause hemolysis of corpuscles of A^arioiis 
animals when used in the following amounts: Human, 0.3 cc. ; swine, 
trace in o.i cc., and complete in 0.4 cc. Chicken serum to the amount 
of 0.5 cc. did not hemolyze corpuscles of horse, ox, sheep, guinea pig, 
goose, duck, or pigeon. 

Aschenheim (j) summarized the results of various authors concerning 
the lytic action of the serum of various animals upon the blood corpuscles 
of other animals. In the table incorporated in his article he attempted to 
sliovv the occurrence of natural amboceptor but failed to demonstrate this 
for sheep corpuscles in fresh normal chicken serum, 

Hyde (y), in studying the natural hemolytic antibody of chicken 
serum, found that o. i cc. of chicken serum consistently caused complete 
hemolysis of o.i cc. of a i to 4 suspension of corpuscles of rabbit, guinea 
pig, ox, sheep, and pigeon. The dissolving action, however, was most 
energetic for rabbit cells and least for those of the pigeon. 

Hyde conducted some experiments on the reactivation of heated 
chicken serum. He was unable to do this by the usual procedure, but 
by a modification of the original technic, chicken serum inactivated by 
heat at‘56° C. for 30 minutes, was reactivated for rabbit corpuscles with 
nonhemolytic doses of fresh chicken serum to practically its original 
hemolytic titer. The test was made by adding the different amounts of 
heated chicken serum to the tubes, salt solution was then added, followed 
by fresh chicken serum as a complement. The tubes were incubated for 
one hour, the corpuscles were then added and the incubation continued. 
It Avas found that chicken serum inactivated at temperatures betAveen 
53° and 58° C. could be reactivated almost to its original titer by this 
iiietliod. Somewhat similar results Avere obtained by use of guinea-pig 
serum as a complement. 

EXPERIMENTAL DATA 

A flock of 22 foAvls A'Vas aAmilable for this study. All birds were bled 
from the heart. The samples of blood thus obtained Avere allowed to 
clot and the serum wa.s removed to sterile tubes immediately after cen- 
trifiigation. 


SEPARATION OF AMBOCEPTOR AND COMPLEMENT 

In order to make titrations of the ambocepter and complement sepa- 
rately, it AA^as necessary to absorb the former with washed sheep cells at 
0° C. The various samples of serum were placed in brine at a temperature 
of C. A sheep-cell suspension was likeAvise placed in the bath. After 
sufficient time had elapsed to allow the temperature of the serum and cells 
to be lowered to 0° C . , 3 cc. of the 5 per cent suspension of cells were added 
to I cc. of each sample of serum. The tubes were thoroughly shaken 
and immediately replaced in the bath where they were allowed to remain 
for one hour, which proved to be sufficient time for the absorption of 
hemolysin by the cells. Each sample was centrifuged and the super- 
natant fluid removed to sterile tubes. The sediment was resuspended in 
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a large quantity of cold saline and again thrown down in the centrifuge. 
After removing the supernatant fluid the sediment was resuspended in 
4 cc. of saline. 

OR SUPERNATANT FLUID 

The supernatant fluid containing the complement represented a dilution 
of one in four. Gradually increasing quantities of this dilution were 
placed in a series of five tubes and to this was added one unit of anti- 
sheep hemolysin (rabbit) and 0.5 cc, of a 5 per cent suspension of 
sheep cells. Saline was added to make the total volume in each tube 
equal to 2 cc. A control tube was added which contained 0.5 cc. of 
diluted complement and sheep cells, to determine the presence of ambo- 
cepter. Table I gives the amount of each reagent used. 


TablB I . — Titration of complement in chicken serum 


Tube No. 

I 

3 

3 

4 

s 

6 

vSupernatant fluid (complement) 

0, 2 

0. 4 

0 . 6 

0. 8 

i 

I. 0 

0 - S 

Amboceptor (i unit) 

. I 

i . I 

. I 

. I ' 

. I 

. 0 

Cells (5 per cent) ■ 

•5 ' 

• 5 

• S 

1 • 5 

. 5 

• 5 

Saline 

I. 2 

j ■ I. 0 

! 

. 8 

i 

. 4 

! I. 0 

1 


All tubes were incubated at 37° C. for one hour and placed in the ice 
box over night. The results are recorded in Table II. 


TABrB II . — The action of supernatant fluid {compktnent) and one unit of antisheep 
amboceptor (rabbit) on sheep cells 



One unit of antisheep amboceptor (rabbit) and 0.5 cc. of 5 per 
cent sheep cells plus supernatant fiuid. 

0.5 per cent 
of sheep cells 
plus supei- 
natant fluid. 

Supernatant fluid . . 

0. 2 

0.4 

0. 6 

0 

00 

I. 0 

0.5 

Bird No. 







I 

a 0 

0 

0 

0 

ff 4. 

0 


0 

0 

0 

0 

0 

0 

3 

0 

0 

0 

-L 

0 

0 

4 

0 


+ + 

4 - 4 - 

++ 

0 

r 

0 

-L 

_L. 

4 - 

4.4- 

0 

6... 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

S 

0 

4 - 

- 44 - 

j_ 4 - 

a 4 - 4 - 4 - 

0 

0 

0 

0 

0 

I 

•h 

0 

10. - 

0 

0 


_L 

0 

: 

II 

0 

0 

0 

-4 

0 

; 0 

12 

4 - 

4 - 

+-4 

- 44 - 4 - 

+ + 

0 

13 

0 

0 


0 

0 

! 0 

14 

0 

1 0 

0 

0 

4* 

I 0 

14.. 

0 

\ 4 - 

4 _ 

J_ 4 _ 

44. 

I 0 

16. ' 

0 

_L 


-j-J- 

444 

: 0 

17 - 

0 

0 

0 

0 

4 , 

0 

18.' 

■ 0 

1 ^ 

0 

' , 0 

0 i 

0 

19 ' 

0 

i ■ ® ^ 

0 

i 0 

0 1 

! 0 

20. . 

0 

i 0 ■ 

0 

0 

0 

0 

21. 

0 

i 0 ' 

0 

1 0 

0 

j 0 

22 

0 

0 

0 

0 

. 0 ! 

0 


a marked; 4 ‘“f— partial; +=trace; o=»iio hemolysis. 
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Exammation of Table II shows that there is a complement in some 
chicken sera capable of activating an antisheep hemolysin (rabbit) , 
when the ingredients are added in the usual order. However, there is, 
considerable variation in the complement content of the various samples 
of sera tested. 

TREAITMENT OR SEDIMENT 

■ One-half cubic centimeter of resuspended sediment was added to each 
of a series of 6 tubes. To the first 5 were added gradually increasing 
quantities of complement (guinea-pig serum diluted i to 10). Two- 
tenths cubic centimeters of this dilution of guinea-pig serum represented 
one unit of complement. The sixth tube served as a control to detect 
the presence of complement in the sediment suspension. Saline was 
added to each tube to make the total volume equal 2 cc. Table III 
gives the amounts of the various elements used. 

All tubes were thoroughly shaken and placed in the incubator at 37^^ C. 
for one hour and then placed in the refrigerator over night. Table I\^" 
gives the results of each test. 


Table III . — Titration of awboceptor in chicken serum 


Tube No. 

I 

a 

3 

4 

s ! 

1 ^ 

Suspended sediment 

Complement (i-io). 

Saline 

: 0- 5 i 
. 2 : 
1.3 

0. 5 ^ 
■ 4 : 
1. 1 i 

0. 5 

.6 

• 9 

0. 5 

.8 

* t 

0. 5 

I.O j 

s 

1 , . 0 

! ' 1-5 


Table IV. — The hemolytic action of gradually increasing quantities of guinea-pig seru m 

on resuspended sedhnent 



o.s cc. of resuspended sediment plus gyiinea-pig complement. | 

Control , 

Complement (i-io). 

0. 2 

0. 4 

0. 6 

0.8 

1. 0 

‘ 

0 

Bird No. 















I 

«o 

0 

0 

0 

a-f 

0 

2 

0 

0 

0 

0 

+ 

0 

3 

0 


0 

0 

■f 

0 

4 

0 

c 

0 

0 


0 

5 • • - 

0 

0 

0 

0 

-f 

0 

6 

0 

0 

0 

0 

4 - 

0 

S 

0 

0 

0 

0 


0 

0 

0 

0 

0 

+ 

0 

9 

0 

0 

0 

0 

4- 

0 

10 ! 

0 

0 

0 

0 

4- 

0 

II. . , i 

0 

0 

0 

0 1 

-f 

• 0 

12. 

0 

0 

0 

■ 0 

4 " 

0 

13 

0 i 

1 

0 

0 

4 - 

j 0 

14 

0 i 

0 ; 

! ° 

0 j 

> 4 - 

0 

15 : 

0 

0 ! 

1 0 1 

0 

T 1 

0 

16 

0 

0 

0 

0 

■f : 

0 

^7 i 

0 

0 I 

0 ’ 

0 i 

4 - ' 

0 

18 ; 

0 ! 

0 1 

1 0 1 

0 j 

4 - 1 

0 

19 - 

0 

0 

1 0 

0 

-h 

0 

20 : 

0 ; 

0 ’ 

! 0 : 

0 

' 4 - 

O' 

21 

0 

0 

0 j 

0 

4 - 

0 

22.- f 

0 

0 1 

1 

1 0 

1 

° 

1 

4 - 

O' 


fi*?- <= trace; o=ho hemolysis. 
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An examination of Table IV shows that, under the conditions of the 
test, there is very little natural antisheep lieniolysiii in chicken seruxii 
that' is capable of being activated by guinea-pig complement. No 
liemol3^sis occured in any tube containing less than i ec. of diluted 
complement, and the degree of hemoh^sis in these tubes appeared to be 
the same in all cases. A preliminary titration showed that i cc. of a 
I to lo dilution of this pooled guinea-pig serum would not cause hemo- 
lysis of 0.5 cc. of a 5 per cent suspension of sheep cells. 

Assuming the possibility that the natural antisheep hemolysin might 
be better activated by the native complement in chicken serum, it was 
decided to make such a test on each sample as indicated in Table IV. 

The tubes were thoroughly shaken and placed in the incubator at 
37*^ C. for one hour and placed in the refrigerator overnight. Table V 
gives the results obtained. 


Tabl^ IV . — The hemolytic action of fresh unheated chicken serum 07 i sheep cells 


Tube. ■ ; I 

2 

5 

4 

5 

I. 0 

Serum (undiluted) j 0. i ^ 

Cells per cent) : .,5 

Saline i ‘ ; 1.4 

0. 2 

• 5 
1-3 

0- 3 

• 5 

I. 2 

i 

0. 4 

* 5 

1. I 


TabubJ V . — The hemolytic and hemagglutinating action of fresh miheated chicken serum 

on sheep cells 




0.5 cc. of sheep cells plus serum. 


i Smallest 
! quantity 
of serum 
which 

Bird No, 

1-20 

i-ro 

1-6.6 

l~S 

I ~4 


O.I cc. 

0.2 cc. 

0.3 cc. 

0.4 cc. 

0.5 CC, 

agglutina- 
tion 01 
blood cells. 


Co 

0 

0 

0 

_L 

Cc. 

0. 4 

2 

0 

0 

4 - 

4 - 

4-1 

. I 


0 

0 

4 - 

4 “ 

Not run. 

. 2 

4 

0 

A- 


4 - J- 

4 ~ 4 - 

. 2 

5 - 

0 

0 

0 

4 - 4 - 

- 1 - 4 - 

. 2 

6 

0 

0 

0 

T 

0 

* 3 

7 ■ • ■ " 

0 

0 

0 

0 

0 

• 5 

S 

0 


-f+T 

4 - 4 - 4 - 

i 4 - 44 - 

. I 



0 

+ 

“hH" 

4 -T 

1 4 - 4 “ 

. 2 

10 

0 


Ad- i 

4 — h 

' 4 - 4 ~ 

. 2 

II 

' 0 

0 

_j_ 1 

' 4 - 4 - 

1 4 - 4 - : 

4 - 4 - 

4 - 4 - 

. 2 

12 

0 

+ 

A 

. 2 

^3 

0 

0 

0 

1 4 - i 

4-4- 

. 2 

44 

0 

0 

0 

; t i 

4 — r 

. I 

1,5 

0 

0 

1 

1 

1 d- i 

: 4 - 4 - 

■> 3 

16. 

0 

0 

d-f 

: . i 

4 - 4 - 

. 2 

V 

0 

0 

4 “ 

“i" 1 

- 44 - 

. 3 

iS.. 

0 

0 

+ 

4 -h 1 

4 " 4 - 

•3 

19 ' 

■ 0 : 

0 I 

x. 

i 

4 — 4 

. 2 

20. 

0 

0 ! 

0 

0 

"4 

1 2 

■21., ' 

0 

0 1 

0 

4- 

4 — 4 

\ .2 

'22 

! ' 0 

«+ : 

4 -+ 

+■+ 

i 

1 

I .2 

\ 


" marked; ++*=*partial; 4- “trace; o"“ no hemolysis. Very slight. 
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In all sera tested some agglutination of the red cells took place. The 
smallest quantity of seriiin causing agglutination is indicated in Table V. 
It will be seen that some hemolysis occurred in every case except with 
the serum of fowl No. 7. Variation in the degree of hemolysis is evident; 
in general the complement titer corresponds in a measure to “ the' 
hemolytic titer of the fresh serum. The hemagglutinin does, not appear 
to correspond in strength to the complement titer. Nor do the hemag- 
giutins correspond in strength to the hemol^Tic action of the fresh serum. 

CONCLUSIONS 

l\Iost samples of fresh chicken serum are capable of causing some 
lieinoh^sis of sheep cells. The small quantity of natural antisheep 
amboceptor contained in normal chicken serum may be separated from 
the complement by absorption with sheep cells at 0° C. The quantity 
of hemolysin does not vary appreciably in different individuals. The 
quantity of complement is small as compared with that contained in 
guinea-pig serum. A variation in the quantity of complement existed 
in the samples tested. Hemagglutinins for sheep cells ate present in 
fowl sera but the quantity is not in proportion to the degree of hemolysis. 
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EFFECT OF NITRATE APPLICATIONS UPON THE 
HYDROCYANIC-ACID CONTENT OF SORGHUM' 


By R. M. Pinckney 

Research Assistant, Division of Soils, Minnesota Agnculiural Experimenl Station 

INTRODUCTION 


It is now generally recognized that growing plants of the sorghnm 
family contain hydrocyanic acid, which is present largely as a glucoside 
(dhurrin), from which hydrocyanic acid is set free by the action of an 
enzym normally present in the sorghum plant. Under conditions favor- 
able to the action of this enzym all the hydrocyanic acid is liberated, 
the time required varying from less than 2 hours at 45® C., to less than 
20 hours at room temperature (20^ C.). 

The proportion of hydrocyanic acid varies much, young plants gener- 
ally containing a higher percentage than more mature ones grown under 
like conditions. In green plants the leaves contain a higher percentage 
than the stems, a fact which may explain part of the difference found 
between young and old plants, as the leaves of the former constitute a 
much greater proportion of the total weight of the plant. 

In 1903 Briinnich,*^ in Australia, found that sorghum plants fertilized 
with sodium nitrate contained more hydrocyanic acid than those grown 
on unfertilized soil. 

Four years later Alway and Trumbull,® in Nebraska, from the analy- 
sis of large, dark green, and of small, yellowish green sorghum plants 
growing as volunteers, concluded that lie higher percentage of prussic 
acid found in the larger and greener plants was due to more available 
nitrogen in the soil where they grew. 

In 1915 Willaman and West ^ concluded from field experiments in 
Minnesota tliat ‘"on soils deficient in nitrogen, added nitrogen may 
slightly increase the prussic acid in sorghum,” while “with a fertile soil 
and abundant nitrogen this effect may not be produced” and from 
later studies® that, “ unhealthy plants usually contain more hydrocyanic 
acid than healthy ones. The unhealthy condition may be due to mal- 
nutrition, to improper transpiration, to insect pests, or to other causes,” 
while “adequate water supply is usually accompanied by low, and in- 
adequate by high, hydrocyanic-acid content.” Vinall ^ from a critical 

^ Received for publication Jan. ii, 1924. Published with the approval of the Director as Paper No. 435 
of the Journal Series of the Minnesota Agriailtural Experiment Station. 

- Brunnich, J. C. hvdrocyaotc acid in fodder pi,.\nts. In . Jour, Chera. Soc. [Dondoa], v. 83, pt. 2, 
p. 788-796. 1903. 

3 Alway, F. J., and Triimbull, R. S. on the occurrence of prussic acid in sorghum and maize. 
/« Nebr. Agr. Exp. Sta. 23d Ann. Rpt., 1909, p. 35-36. 1910. 

Willaman, J. J., and West, R. M. notes on the hydrocyanic- acid content of sorghum. In 
Jour. Agr. Research, v. 4, p. 179-185. 1915. 

j ^ p, X84. 

S effect of climatic factors ON THE HYDROCYaNIC-ACID CONTENT OF SORGHU.M. 

Ill Jour. Agr. Research, v. 6, p. 271-272. 1916. 

‘ Vinall, H. N. a study of the literature conceiving poisoning of cattle by the prussic acid 
IN SORGHUM, SUDAN GRASS, AND • JOHNSON GRASS. In JOUT. Amer. SoC. AgTOn., V. I3, p. 267-280., 192I. 
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survey of the literature concludes that injury to growing sorghum plants 
by frost or drought increases the prussic-acid content, but that stunted 
growth from lack of plant food in the soil diminishes it. 

In view of these divergent conclusions as to the effect of available 
nitrogen upon the hydrocyanic-acid content, and hence as to the possi- 
bility of using sorghum as an indicator in studies of the availability of 
nitrogen, the writer decided to try the effect of varying amounts of nitrate 
upon plants otherwise subjected to the same conditions. 

EXPERIMENTAL DATA 
SOILS USED 

The plants analyzed were grown in the greenhouse in stoneware jars 
8.3 inches in diameter and 8.5 inches deep. Each of the three Minnesota 
soils selected for use in the experiment were treated alike except in the 
amount of fertilizers applied. The soils were all low in nitrogen, so that 
it was to be expected that the addition of nitrogen would produce a 
marked visible effect on the plants. They were : 

Thurston loam (subsoil), from the farm of the Minnesota Agricultural 
Experiment Station (nitrogen 0.039 cent). 

Merrimac loamy sand, from Coon Creek Sand Experimental Fields 
(nitrogen 0.068 per cent). 

Coloma sand, from Nickerson, in Carlton County (nitrogen 0.068 per 
cent). 

TREATMENT OE SOILS 

Before the Thurston loam was placed in the jars, muriate of potash 
(52 per cent K3O) and superphosphate (45 per cent P3O5) were mixed into 
the soil, each at the rate of 2 pounds per ton (o.i per cent). 

This was equivalent to an application of i ton per acre of each of the 
fertilizers, an amount that should remove any question of a lack of either 
potash or phosphate. Half the jars received no nitrate, while of the 
other half each jar received 0.25 gm. at each application, this being given 
ill solution at recorded intervals. The plants were very pale in color and 
made very little growth where liberal amounts of only potash and phos- 
phoric fertilizers ivere added, but where sodium nitrate in addition was 
applied the color was dark green and the growth was excellent. 

The Merrimac loamy sand is low in nitrogen, but it had just previously 
been used in the greenhouse for growing alfalfa, and its available nitrogen 
had thereby been increased. As this soil had been found not to respond 
to either potash or phosphate with farm crops, neither of these was added. 
With this soil, in the early stages of growth there was no difference in 
appearance between the plants that had received' nitrate and those that 
had not, growth and color being good in both, but later, when some of the 
nitrogen furnished by the alfalfa roots, had been used up, a difference 
appeared. 

On the Coloma sand, to which - neither potash nor phosphate was' sup- 
plied, the growth of the sorghum was very' poor even where' nitrate was 
added. 

SORGHUM ■ FROM FIRST PLANTING 

All the i'ars of the three soils were planted wdth seed from the same lot 
on December -'5, 1922. The growth from, this p,lantmg was, slow, due to 
the short period of sunshine daily in the w,mter. The plants grown from 
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this seeding were all used in perfecting the manipulative procedure, and 
for these there are no quantitative data. Qualitative tests showed that 
those plants grown with added nitrate contained a higher proportion of 
hydrocyanic acid. 

method of analysis 

The method of anatysis thus developed and used with, the subsequent 
plantings was as follows : 

The fresh green material was weighed, passed through a food chopper, 
and placed in a Kjeldahl flask, with not more than .500 cc. of water, using 
only enough to wash the sorghum out of the chopper into the flask. This 
mixture wsls allowed to autolyze for two hours at 45 C., or over night "at 
room temperature, and then, without addition of acid, distilled into 
dilute sodium hydroxid solution. The basic distillate "was then treated 
with 2 or 3 cc, of a 3 per cent solution of ferrous sulphate, and allowed to 
stand about 20 minutes, by which time part but not all of the iron was 
oxidized to the ferric state, and then made acid with dilute sulphuric 
acid. The blue color developed slowly or quickly, according to the 
amount of hydrocyanic acid present, and on this account it was found 
best for the test solution to stand for some hours before being compared 
in a Campbell-Huiiey colorimeter with the standard color prepared 
from potassium c^^anid. 

It was found convenient to make the standard equivalent to 10 
mgm. of potassium cyanid per 100 cc. of standard solution, and usually 
about 30 gm. of the green sorghum was used for each determination, 
but in the case of green leaves, or of very young whole plants, much 
smaller samples sufficed, while with large,- stocky plants, larger samples 
were necessary. As about 150 cc. of distillate was usually secured, the 
volume of the test solution was made up to 200 cc. except in cases of 
samples that contained unusually large amounts of hydrocyanic acid, 
when the volume was increased. 

SORGHUM FROM LATER PLANTINGS 

As soon as the first crop had been harvested, seed was planted among 
the roots, on January 30, and the second crop grown without cultivation 
or addition of any fertilizer except nitrate. 

The plants of the second crop on the Thurston loam subsoil, where no 
nitrate had been added, were short, slender, and very light in color, 
indicating extreme nitrogen hunger, and did not furnish enough hydro- 
cyanic acid to permit of its quantitative determination, or in some 
cases even to permit of its detection (Table I). Even the lighter applica- 
tions of nitrate produced marked improvement in growtih and color, 
and gave readily measurable amoimts of hydrocyanic acid. Larger 
applications of nitrate raised the hydrocyanic-acid content proportion- 
,ately. 

The nitrogen hunger was not marked in the first crop on the .Merrimac 
loamy sand, and even in the second crop it was not extreme. Although 
the available nitrogen in the unfertilized jars had been diminished by the 
first crop, there still remained enough to give a growth to the plants of 
the second crop better than on either., of other soils. In the case of 

lots E and E, there was no difference iff appearance between the plants 
grown with and without nitrate, '""but in lot 1 the plants without nitrate 
were much lighter in color. In every, lot' the percentage of hydrocyanic 
acid was considerably increased by the addition of nitrate (Table II). 
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TablB I. — Sorghmn plants grown on Thurston loam subsoil, with nitrate applied at 

intervals 



Jar 

Age oi’ 
plants. 

Nitrate applied. 

Average 

height. 

Average 

weight. 

Hydrocyanic acid 
(HCN). 

Etimber. 

Per jar. 

Per acre. 

Per cent. 

Per plant, 

A 

I 

Days. 

61 

None. 

Lh. 

None. 

Cm. 

16 

G»i. 

0-3 

None. 

Mtjm, 

None. 

A 

2 

61 

' 1. 25 

314 

51 

7. 0 

0. 0082 

0. 573 

A 

3 

61 

1.25 

314 

40 

5-0 

. 0070 

■350 

A' 

4 

61 

I. 50 

376 

43 

6, 0 

Trace. 

Trace. 

A 

5 

61 

I- 75 

440 

40 

5- 0 

. 0028 

. 140 

A 

6 

61 

3*25 

815 

53 

9.0 

* 0049 

• 430 

B 

7 

64 

1.25 

314 

46 

4. 0 

* 0012 

. 048 

B 

8 

64 

1.25 

314 


5- 0 

.0033 

. 165 

B 

9 

64 

2. 00 

502 

61 

10. 0 

, 0098 

. 980 

B 

ro 

64 

5*25 

1,317 

56 

9.0 

. 0439 

3 - 940 

C 

II 

75 

None. 

None. 

13 

0-3 

None. 

None . 

c 

12 

75 

I. 50 ! 

376 

40 

3 * 3 

. 0029 

. 096 

c 

13 

75 

I. so 

376 


3-3 

1 . 0078 

.^53 

c 

14 

75 

1*75 1 

440 

33 

4. 5 ’ 

; . OQ16 

. 072 

c 

IS 

75 

2. 2$ 

564 

33 

3 - 7 

. 0094 ‘ 

‘ 330 

c 

16 

75 I 

10.25 

2,572 

33 

4. 5 

1 - 0082 

• 370 

B 

, 17 

86 ^ 

I. 50 

376 

48 

4. 0 

. 00S2 

. 330 

B 

18 

86 i 

I- 75 

440 

56 

4. 0 

. 0348 

I. 390 

B 

19 

86 

2. 00 

502 

46 

3- 0 

' 0340 

I. 050 

B 

20 

86 

2. 50 

625 

53 

4. 0 

•0353 

I. 410 

B 

21 ; 

86 

15- 25 

3,827 

53 

5 - 5 

• 1313 

7. 250 


Table II . — Sorghum plants grown on Merrimac loamy sand with and without nitrate 

applications 


I^t. 

Jar 

num- 

Age oi 

Nitrate applied. 

Average 

height 

Average 

weight. 

Hydrocyanic acid 
(HCN). 

Part of plant 
analyzed. 

ber. 

plants. 

Per Jar. 

Per acre. 

Per cent. 

Per plant. 

E 

22 

Days. 

46 

Gni. 

None. 

Lb . 

None. 

Cm . 

Gtn . 
10. 0 

0. 0123 

Mgvt. 

I. 230 

Whole plans: 

E 

23 

46 

1.25 

310 


9.0 

. 0246 

2. 214 

Do. 

F 

F 

G 

24 

25 

26 

48 

48 

63 

None. 

1.25 

None. 

None. 

310 

None. 

61 

7.0 

. 0098 
. 0836 
.0234 

I. 63S 

leaves on!}/'. 
Do. 

Whole plant. 

G' 

27 ^ 

63 

' 'I- 50 

3?3 

71 

13.0 

. 0314 

4. oSo 

Do. 

H ^ 

28 

72 

None. 

None. 

46 

3 - 5 

None. 

None. 

Do. 

H 

29 

, 7 ^ 

None. 

None. 

4-0 

Trace. 

Trace. 

Do. 

H 

30 

72 

I. 50 

375 

56 

16. 0 

.0369 

5. 91 

Do. 

H' 

31 

72 

1.50 

375 


10. 0 

1 • 0345 

3 * 45 

Do. 

I 

32 

89 

None. 

None. 

1 56 

7*0 

. 0041 

. 280 

! Do. 

I 

i , 33 

89 

2. 00 

«;o2 

i 69 

10. 0 

. 1100 

II. 00 

i Do. 

I 

1 34- 
! 

89 

2. 00 

502 

1 64 

9. 0 

. 0460 

4. 14 

Do. 


Ail tlie plants grown on the' Goioma sand were small, but the difference 
both in size and percentage: of hydrocyanic acid content was noticeably in 
favor of those treated with nitrate. ' The total amount of hydrocyanic 
acld'per plant was a hundred ' times as great in the latter, (Table III). 



Mar. 8, 1924 


Effect of Nil rate on Prussic Acid in Sorghum 


721 


Table: 111. —Sorghum, grown on Cohina sand, with and without nitrate application 


L,ot. 

Jar number. 

Age of 
plants. 

Nitrate applied. 

Average 

height. 

Average 

weight. 

Hydrocyanic acid 
(HCN). 

Per jar. 

Per acre. 

Per cent. 

Per plant. 

I 

i 35 

i Days. 

\ 6 g 

Gin. 

None. 

Lb. 

None. 

Cm. 1 

36 ; 

Gni, 

I. 0 

0. 0033 

Mgm . 

0.033 

I 


1 69 

1.25 

314 

56 i 

5 - 5 ! 

. 0627 

3. 448 

K ' 

37 ■ 

1 8 q 

None. 

None. 

30 i 

i I- 0 1 

1 None. 

None. 

K 

3S ; 

1 89 

2. 00 1 

i 

502 

51 ; 

4. 0 1 

. 1360 

5. 240 


In the fourth column of Tables I, II, and III, is given the amount of 
nitrate added from the beginning of the experiment. As the nitrate 
was added in successive doses while the plants were growing, the amount 
present at any time was less than the total reported, since the plants had 
used some of it, and, further, there may have been some denitrification. 
The intention was to compare plants grown with scanty, moderate, and 
abundant supplies of nitrate, and the analyses reported indicate that the 
hydrocyanic acid increased with the amount of nitrate supplied, up to 
amounts beyond those usually considered advisable for field crops. 

A third planting w'as made in April, using fresh Thurston loam subsoil 
in w’^ooden boxes, i foot square, and 8 inches deep. Muriate of potash, 
at the rate of 300 pounds per acre, and treble superphosphate, 600 pounds 
per acre, were stirred into the surface of the soil, the seed planted on 
April 2, and the sodium nitrate given in a single application five days 
after the planting, at which time the plants w^ere about i inch high. 
Each treatment was in duplicate and in some cases in quadruplicate, and 
the growth and appearance of all the plants with each treatment were 
very uniform. This series gave the most concordant results of any, 
probably because of the more favorable time of the year for growth, 
April 2 to May 20. Both the size of the plants and the percentage of 
hydrocyanic acid increased throughout the series, but the plants in the 
boxes that were given 760 pounds of nitrate per acre showed a slightly 
less thrifty appearance than those wfith only 570 pounds (Table IV). 


Table IV . — Sorghum plants grown on Thurston loam subsoil with varioies amounts of 
miraic, given in a single application 


' 

JwOt. 

Box 

number. 

Age of 
plants. 

Nitrate applied. 

Average 

height. 

Av-erage 

weight. 

Hydrocyanic acid 
(HCN). 


Per box. 

Per acre. 

Per cent. 

Per plant. 

L... 

39 

Days. 

33 

Gin. 

None. 

Lb, 

None. 

Cm. 

28 

Gm. 

I. 0 

None. 

Mgm. 

None. 

T 

40 

33 

0. 50 

47 - 5 

30 

I. 2 

None. 

None. 

h... 

41 

33 

I. 00 

95-0 

35 

2. 6 

0. 0160 

0. 42 

L. . . 

42 

33 

2. 00 

190. 0 

51 

4-0 

.0330 

1.32 

h...| 

43 

33 

4. 00 

380. 0 

48 

1 4- 0 

. 0810 

3- 24 

JL...I 

44 

33 

6. 00 

570.0 

53 

1 3-0 

.0830 

2. so 

h.. 

45 

33 

8. 00 

760. 0 

46 

1 4.0 

. 1200 

4* 80 


46 

47 

None. 

• None. 

28 

1 1. 0 

None. 

None. 


47 

47 

1 - 5 ® 

' 47 - 5 

41 

1 5 

None. 

None. 

M...I 

48 

1 47 

! I. 00 

95-0 

41 

' 3-0 

. 0025 

075 

M...i 

49 

47 

2. 00 

190. 0 

48 

4. 0 

.0037 

. 148 

M..J 

50 

47 

4. 00 

380. 0 

5 ^ 

« 6. 0 

. 0140 

. 640 

M.. J 

5 ^' 

47 

6. 00 

! 570 - 0 

66 

S .5 

. 0290 

2. 460 

M,... 

! 52 

47 * 

8. 00 

760. 0 

69 

8.5 

. 0540 

4. 600 
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A qualitative test was made, using much smaller samples than those 
used in the preceding experiments, in order to determine whether a 
negative qualitative test might have resulted even from plants containing 
a considerable amount of hydrocyanic acid, because too small a sample 
had been employed. As 15 or 20 gm. is about tlie smallOvSt sample 
that can be conveniently ground through the food chopper, these small 
samples of 2 or 3 gm. each were crushed in an agate mortar with a 
pestle. The plants tested were grown on Merrimac Loamy Sand, with 
nitrate added, and were dark green in color. They were from 20 to 28 
cm. in height, and about i gm. in weight each. Two plants were used 
for each sample. In the analysis of all four samples, a satisfactory blue 
color resulted, about equal to that from 0.2 mgm. of potassium cyanid. 
It thus seems probable that working with very small plants, provided the 
sample is representative and thoroughly crushed or ground and adequately 
autolyzed, the failure of even a small sample (5 gm.) to give good quali- 
tative test should be looked upon as indicating a probable lack of nitrate 
in the soil. 

Although it has been generally recogmzed that the content of hydro- 
cyanic acid is much greater in the leaves of sorghum than in the stems, it 
was not deemed safe to rely on analyses of the leaves only, but in the case 
of larger plants, the leaves and stems were analyzed separately and the 
hydrocyanic acid in the whole plant computed from these separate 
analyses. In the case of young small plants, it is difficult to separate leaf 
and stem; hence in those cases the whole plant was analyzed as one 
sample. 

A few of these separate analyses of leaf and stem are reported in Table V 
to show that there is no characteristic difference in distribution of the 
hydrocyanic acid between fertilized and unfertilized plants, at least at 
the ages taken. The amount increases with the amount of nitrate sup- 
plied, and the percentage is usually several times as great in the leaves 
as in the stem. 

If the plant is employed as an indicator, it may be found that analysis 
of the leaves only will give as correct an indication of the readily available 
nitrogen in the soil as analysis of the whole plant. 


TablB Y ,-^Disinbution of hydrocyanic acid between leaf and steyn of the same plant 


Sample 

number. 

Age of 
plant. 

Soil. 

Nitrate 
added per 
jar. 

Hydrocyanic acid content. 

Leaves. 

; 

Stem. 

Whole 

plant. 


Days- 


Gyn. 

Per cent. 

Per cent. 

Per cent. 

107 

69 

Coioma sand 

0-75 

0. 1510 

0. 0221 

0. 062 7 

108 

71 

Merrimac loamy sand. . . .i 

i None. 

None. 

None. 

None, 

log 

71 


0-7 S 

.1111 

. 0062 

.0369 

XIO 

92 


None. 

. 0040 

Trace. 


III 

92 


1, 00 

. 1150 

. 0088 

.0417 

127 

88 

Thnnstoii loam subsoil 

1.50 

. 0610 

. 0100 

. 0340 

129 

88 


1.25 

.0x80 

Trace. 

. 0080 

134 


Coioma sand 


. 2697 

.0519 

. 1360 
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SUMMARY 

The hydrocyanic acid was determined in sorghum plants groivn in the 
greenhouse, using three Minnesota soils low in nitrogen and adding 
sodium nitrate in different amounts. The size of the plants, their color 
and prussic acid content were all affected by the amount of nitrate 
applied. 

In general, the percentage of hydrocyanic acid in the green plants, 
was in proportion to the nitrate used. The effect on the prussic acid 
content continued even beyond the point where nitrate ceased to affect 
the color and size of the plants. In the light-colored sorghum plants, 
yellow to yellowish green, the percentage of prussic acid was very low, and 
in some cases none could be detected, while in all darker colored plants 
it was readily determined, even single plants weighing only 2 gm. 
giving distinct qualitative evidence. The leaves of the darker-colored 
plants contained several times as high a percentage of prussic acid as the 
stems, and the applications of nitrate showed no distinct effect upon its 
distribution between stem and leaf. 

Sorghum gives promise of being useful as an indicator plant in studies 
of the supply of readily available nitrogen in soils. It responds readily 
not only by a more rapid ’growth and darker color but also by an in- 
creased hydrocyanic-acid content, which is highest in the young plants. 
As analysis requires only small samples; these may be had within a few 
weeks after the seed is planted.* 
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INTRODUCTION 

Acidity measurements of juice expressed from wheat at frequent inter- 
vals from the early-seedling to the late-fiowering stage have shown the oc- 
currence of an interesting sequence of changes during the development of 
the plant. As the investigation was initiated for the study of the problem 
of disease resistance, the data were obtained on a number of varieties 
representing extremes of resistance and susceptibility to stem rust 
(Puccinia grmninis tritici Erikss. and Henn.). The results therefore 
not only give evidence from a new standpoint of changing metabolic 
processes during the life of the wheat plant, but also permit conclusions on 
the question of a relation between acidity and resistance to stem rust. 

PROCEDURE 

The plants were grown in the greenhouse, although occasional checks 
were made with field-grown plants. The six varieties studied were sown, 
cut, and handled in pairs, each pair consisting of one relatively resistant 
and one relatively susceptible %vheat. These pairs were the same in each 
of the three series, namely, Kota and Preston, Pentad (D--5) and Mar- 
quis, Elhapli emmer and Little Club, respectively. 

The same methods were follow’ed for expressing and handling the juice 
and making the acidity determinations as w^ere described in a preceding 
paper (4).^ Both hydrogen-ion and titratable-acid concentrations were 
determined electrometrically. Immediately following the determination 
of the hydrogen-ion concentration of a sample, which in each case con- 
sisted of 10 cc. of undiluted juice, the electrometric titration was made 
on the same sample b\’ adding N/20 sodium hydroxid solution, i cc. at a 
time, by means of a burette, the tip of which was inserted through the 
cork of the electrode vessel. The values calculated from the successive 
potential differences so obtained were plotted against the volumes of 
sodium hydroxid required to produce them. From the resulting curves, 
the volume of alkali required to bring the reaction to P^ 8.3, the turning 
point of phenolphthalein, was determined and taken to represent the 
titratable acidity of the sample. Uniform procedure in the handling 
of each sample, together with ■ the proper reversal of the sequence of 
determinations, reduced the diancq of error to a minimum and insured 
the validity of comparisons. 


5 Received for publication Feb. 7, 1924- 

s The writer is indebted to Dr. H. B. Humphifey, T>r. C. R. Ball, an^ Dr. H. Hasselbrlng for their 
helpful criticisniis of the manuscript. 

^ Reference is made by number (italic) to Literature cited," p. 755- 
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RESULTS 

TITRATABLE-ACID CONCENTRATION IN RELATION TO STAGE OF 

development 

As niiglit be expected in view of the high buffer content of plant juices^ 
more striking changes with the plant’s development were found to occur 
in the concentration of titratable acid than in the concentration of free 
hydrogen ions in the juices from these plants. The titration results 
therefore will be presented first, though the hydrogen-ion determinations 
are not without interest and will be given in the section following. 

Seed of the first series (A) of plants to be grovm to maturity was sown 
on November i, 1922,** in a greenhouse bench containing limed sandy- 
loam soil of slightly alkaline reaction (Pj^ 7.2). Acidity determinations 
were made on sap of each variety at frequent intervals from the time the 
plants were about 3 inches high until they were in the flowering stage at 
the age of approximately six months. After that time the measurements 
had to be discontinued because the plants became so dry that the requisite 
quantity of juice could not be expressed. The course of the changes in 
the titratable acidity of all six varieties during this period is shown in 
figure I. , The age of the plants was always reckoned from the date of 
sowing. Owing to the diurnal acidity changes reported to occur in many 





Fig. I.-— The titrateble-acid concentratioii of wheat juice from plants of Series A. from the seedling to 
the late-flowering stage. (Greenhouse, Nov. i, 1922. to Apr. 3, 1923.) 


plants, only values obtained from plants cut about i o’clock in the 
afternoon were used in order to insure direct comparability of all points 
on the curves. 

The first experiment was repeated with portions of the same seed lots 
sown three weeks later on another bench of the same greenhouse. The 
additional precaution was taken of making smaller plots and duplicating 
the sowing of each variety in order to lessen the chance of error from 
inequalities in the light, temperature, or water supply along the bench. 
The plants of this series (B) were somewhat more vigorous than those of 
Series A because of more favorable temperature and moisture conditions, 
but their rate of development was practically the same. To eliminate 
the effects of cutting at different times of the day, only values obtained 
for plants cut at 9 o’clock in the morning are plotted in figure 2. 


t Seed for Series A aad B was obtained by J. H. Martin from the Agricultural Experiment Stations at 
Dickinson, N, Dak. (Kota, C, I. 5878, Preston, C. 1 . 3081, Pentad, C, I. 3323, Marquis, C. I. 3641), Akron, 
Colo. (Khapli, C. I. 4013) and Moro, Oreg., (Tittle Club, C. I, 4066). 
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Tlie plants of the third series (C) were grown to determine whether 
the correlation shown by the graphs in figures i and 2 to exist between 
acidity of the juice and stage of development would appear if the plants 
were in a different environment. Seed of the same varieties was ob- 
tained from a different source ^ and sown on February 8 in another 


£5?^ />f^/yrjr /// 



Fio. 2. — The titratabl e-acid concentration of wheat juice from plants of Series B,from the seedling to the 
late-flowering stage. (Greenhouse, Nov. 22, 1922, to Apr. 25, 1923-) 


greenliouse having tmlimed, sandy-loam soil with a reaction of 6.8. 
The plants developed much more rapidly than those of the two preceding 
series. They reached the flowering stage in 14 to 16 weeks, whereas the 
plants of the same varieties in the fall-sown series had required 22 weeks 
to reach this stage. After 16 weeks, the plants no longer yielded the 





requisite amount of juice for titration except in the case of - Kota where 
one later measurement was made. Some of the acidity values plotted 
in figure 3 were obtained from plants cut in the morning and others 
from plants cut in the afternoon, as indicated in Table I. 


® Seed of Kota, C. I- 5878, Preston 30S1, Pentad C. L 3322, and Marquis C I. 3'54i» for Series C was sent by 
Iir£. N. Levine from University Farm, St, Paul, Minn,, and-KhapU C. I. 4013 and Little Club C. I. 4066 by 
Dr. E. F Gaines, from Pullman, Wash, 
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The major ' trends in the curves of figure 3 are essentially the same as 
those of figures i and 2 and therefore establish the fact that the acidity 
of the wheat plant undergoes certain regular changes during develop- 
ment from the seedling stage to maturity and that these changes are not 
environmental effects but the results of inherent physiological character- 
istics. There is a progressive decrease in acid during the early-seedling 
stage of the plants of all varieties, with the lowest concentration reached 
between the ages of 4 and 6 w^'ceks. Then there follows an intermediate 
period, continuing up to the visible approach of maturity, during which 
no regular trend is discernible in the curves but only irregular fluctuations. 
These fluctuations are obviously correlated with variations in the daily 
environment, as they differ in each series and are often conspicuously 
parallel for those varieties which w^ere always cut at the same time. 
During the stage imniediateh" preceding maturation w'hen tlie culms turn 
yellow, the lower leaves dry and turn yellow, and head formation begins, 
the curves turn rather sharply upward, and indicate a steadily increasing 
acidity. By the time the heads have reached the soft-dough stage, the 
acid concentration is as great or greater than the maximum found in the 
seedling stage. 

In each series the final upw^ard slopes of the acidity curves w^ere cor- 
related with the drying out of the culms and leaves, lie acidity remain- 
ing low as long as the plants remained succulent. In other words, the 
acid concentration during the period of head and flower formation is 
apparently determined by the loss of water from the tissues. For in- 
stance, in Series A and B the heads did not appear in the boot until the 
plants were partially dry, yet the acidity had begun to rise while the 
plants were still in lie shooting stage. In Series C, on the other hand, 
in which development was more rapid and the head appeared in the boot 
while the plants were still vigorous and juicy, the acidity remained low 
during the period of head formation and did not rise until the flowering 
stage when the plants began to dry. 

Incidentally, Khapli was usually one of the first to head and dry, 
while the development of Tittle Club was slower and its maturation more 
delayed. It follows, therefore, that when this difference in rate of 
development and drying exists toward the end of the growing period, 
Khapli will be found to be the more acid in each comparison of values 
obtained on the same date. In other words, not age alone but also the 
stage of development determines the acidity of the plants, and this fact 
. must be taken into account in comparisons between varieties which do 
not mature equally rapidly. 

The major trends in the acidity curves are substantially alike in alL 
.three series and represent tendencies inherent within the plant, yet 
environmental factors have left their impress. Higher soil acidity 
possibly was responsible for the fact that the seedlings of Series C were 
very much more acid at first than were those of the same age in the 
other two series. Also, environmental conditions, by determining the 
rate of development, determined both the duration of the interval 
elapsing before the beginning of the final ascending portion of each curve 
and the rate at which the acidity increased during tlie preripening 
period.. 

The foregoing data and discussion relate to healthy plants. When 
normal growth is prevented by an unfavorable environment, such as 
' that which ..obtains for a winter wheat grown in the greenhouse during 
the warm spring months, the acidity curve differs from those given in 
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figures I to 3, inclusive. Figure 4 shows such a curve illustrating the 
acidity changes occurring in Kanred wheat sown on January 5, 1923, in a 
greenhouse which was too warm for , winter wheat to grow normally^ 
The plants were fairly vigorous in the early- seedling stage, but they were 
only 4 inches tall at the age of 10 weeks, 8 inches at the age of 13 weeks, 
and 9 inches at 15 weeks, at which time growth had almost ceased. The 
leaves remained turgid and green but very narrow, and the stems were 
very spindling, with almost no tillers. No sign of heading had appeared. 
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Fig. 4. — The titratable acidity (and Ph values in parentheses) of juice of unhealthy Kanred wheat from 
the seedling stage to cessation of sjrowth. witli some corresDonditig measurements on KhaoH and Little 
Club grrowing alongside. (Greenhouse, Jan. s to -\pr. 20. 1923.) 

Seed of Little Club and Khapli emmer had been sowm at the same time 
in the same bench. Khapli was flowering at the age of 15 weeks and the 
acidity measurements, made during the early-seedling, late-seedling, 
and flowering stages, respectively (flg. 4), were normal values for these 
stages of growth. Little Club, however, became badly infected with 
mildewy so that it never headed. By the age of 15 weeks its vigor was 
visibly affected by the disease, and its unhealthy condition was reflected 
in the abnormally high acid concentration for that stage of development. 

IThe acidity of Kanred in this environment was very high compared to 
that of the spring varieties at the corresponding periods. The curve 
differs from those of the spring wheats in the very slight drop during the 
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seedling stage and in the steady extreme rise thereafter, coincident with 
the appearance of symptoms of stunted vegetative growth. The volume 
of N/20 NaOH required to neutralize a 10 cc. sample of juice increased 
from 8 to 18.8 cc. in seven weeks. Incidentally, the juice of these 
plants reached the hydrogen-ion concentration represented by Pg 5.39, 
which is extraordinarily high for wheat. 

hydrogen-ion concentration in relation to stage oe development 

The Ph values of the samples, the titratable-acid concentrations of 
which are given in figures i to 3, inclusive, are plotted in figure 5 toshow 
the extent to which the hydrogen-ion concentration of the juice changes 
with the development of the plant. 




Fig. 5. — ^The laydrogea-ion concentration of wheat juice from the seedling to the late-flowering stage. 
The plants of Series C were cut in the forenoon at some periods and in the afternoon at others as iiidicat ed. 


From these curves it appears tliat the regular decrease in concentra- 
tion of titratable acid which has been shown to characterize the juice of 
wheat seedlings from the age of 2 to about 6 weeks is not accompanied 
by a conrespondingly marked decrease in concentration of hydrogen ions. 
During the greater part of the plants’ development the curves show rela-' 
tively small and irregular variations which indicate the effects of daily 
' fluctuations in the environment. During the preripening stage, charac- 
terized by an increasing titratable-acid concentration, tiiere is a regular 
upward trend in each hydrogen-ion curve also, indicating that an in- 
creasing concentration of hydrogen' ions parallels the increase in concen- 
tration of titratable acid. 

The effects of minor daily fluctuations in environmental factors appear 
in' many , of the curves. The existence of these effects is made evident 
by , the conspicuous parallelisms in 'the courses of certain curves, the cor- 
responding points on which were obtained on the sam,e days throughout. 

' This, does not mean that the varieties . represented by such curves are 
more nearly like each other physiologically than like any others of the 
\ group,, but simply that since the plants of each were always cut at the' 
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same time and handled simultaneously, those external conditions affect^ ^ 
ing the acidity of one sample also affected that of the otlier in like degree. ' 
It is very interesting to find that the hydrogen-ion concentration of such 
morphologically unlike varieties as Khapli and Little Club and as Pentad 
and Marquis should fluctuate so similarly with small changes in environ- 
mental factors. 

Evidence of the diurnal periodicity in the hydrogen-ion concentration 
of these plants appears in the curves of Series C in figure 5 and in the 
corresponding data in Table’ II from which the curves ' were plotted. 
The curves for all the varieties in this series fluctuate up and down 
together because at some periods all the acidity determinations were 
made on plants cut in the morning and at others on plants cut in the after- 
noon, as indicated on the graph. Reference to figure 3 will show that 
no effect of the difference in the hour at which die plants were cut is 
discernible in the corresponding titratable-acid values of these same 
samples. No such fluctuations appear in the hydrogen-ion curves of 
Series A and B of figure 5 because these were plotted from measurements 
all of which were obtained from plants cut at i p. m. in Series A and at 
9 a. m, in Seiies B. 

SIGNIFICANCE OF ThE DATA FOR THE PROBEEM OF DISEASE RESISTANCE 

The variability in the response of all wheat varieties except Khapli 
and Little Club to attack by tlie many different specialized races of 
stem rust now known (7) would seem to preclude a priori the responsi- 
bility of any one character, such as acidity. Moreover, the data of the 
preceding sections, giving evidence of extreme and regular variations in 
acidity during the development^ of each of the six varieties studied, 
together with what is known regarding the relative susceptibility of sus- 
ceptible varieties at different stages of development, afford proof* that 
high or low acid content does not influence the plant’s ability to resist 
invasion by the stem-rust fungus. 

A number of investigators have reported observations on the relative 
susceptibility of the wheat plant throughout its growing period. Farrer 
(i) says that the liability of wheat to rust attack begins as soon as the 
plant has flowered and ends when its foliage begins to cliange color. 
Freeman and Johnson (a) found wheat most susceptible to Puccinm 
graminis from the time the heads emerged from the boot until they were 
in full bloom. Melchers and Parker (5) used both heading plants and 
seedlings for tlie determination of varietal resistance of wheat to stem 
rust. Stakman and Piemeisel { 8 ) state that cereals, including wheat, are 
usually susceptible at any age up to ripening time. Peltier (6) obtained 
infection of wheat by P. graminis tritici in the seedling, stooling, joint- 
ing, and heading stages, and his data indicate that the lowest degree of 
infection occurred in the seedling stage. So it seems obvious that the 
development of the fungus is not favored by the low acid concentration 
characterizing the post-seedling stage nor hindered by the relatively high 
concentration at flowering time. 

Gassner ■ (j) also, as the result of an extended experimental study of 
thC' relation between stage of development and degree of susceptibility to 
attack b}^ Puccinm graminis, concludes that the susceptibility, of wheat 
- and other cereals increases with age, the most susceptible period occurring 
between the flowering stage and maturity. Equally interesting, in view, 
of the fact that very young wheat seedlings are more acid than older 
plants, though .usually not so acid as those which have passed the flower- 



73 


Journal of Agricultural Research voi. xxvii, ko. xo 


ing stage, is his observation that very young seedlings are sometimes 
more susceptible than older plants though not so readily infected as those 
which have passed the flowering stage. Thus it would appear that, if 
there be any correlation, the degree of infection of a susceptible variety 
varies directly rather than inversely with the acid concentration. How- 
ever, these observations may be wholly unrelated and the apparent corre- 
lation accidental. At least it appears that the low acidity of the post- 
seedling period neither favors infection of susceptible varieties nor breaks 
down the resistance of resistant ones, nor 'does the high acidity of the 
older plants make susceptible varieties less liable to attack in the later 
stages of development. 

The significance of the acidity data for the disease-resistance problem 
may be considered also from the standpoint of varietal comparisons at 
each stage of the plant’s development. Pentad and Kota are resistant 
to specialized forms to which Preston and Marquis are susceptible. 
Khapli is resistant to all specialized forms known and Little Club is 
susceptible to them all (7) . Yet at no period in the growth of the plants 
from the age of two weeks to maturity was either the titratable-acid 
or the hydrogen-ion concentration of the expressed juice related to the 
degree of resistance or susceptibility characterizing the variety. Com- 
parisons are facilitated by the tabular arrangement in Tables I and I! 
of the values from which the curves in figures i, 2, 3, and 5 were plotted. 

Tabi,® I . — Titraiable acidity of wheat at intervals f rom the seedling to the late-flowering 
stage, in cubic ceniimeiers of NI20 sodium hydroxid required to neutralise lo cc. of ex- 
pressed juice 

SBRIBS A 


Age in weeks. 

Kota. 

Preston. 

Pentad. 

Marauis. 

KhapH. 

Little Club. 


7.4 

7 - 5 

7 * 7 

7-2 

6.9 

7. 1 

3 

6.4 

7. I 

7.4 

6. 8 

6. 2 

5-9 

4 

5-5 

6. 2 

6.4 

6. 0 

5 ‘ I 

5 - 5 


5' 7 

5-8 

5-9 

5.8 

5 - 5 

6. 0 

8 ■ 





6. 7 








/• 0 

10. . 1 

6.S 

7 * I i 

5*9 1 

6. I 

6. 8 

7 - 3 

12 

6.7 1 

! 6. 9 

7.2 

6. I 

7 - 5 

6. 9 

16 I 

1 6*7 1 

7* 0 1 

7.0 

7 - 5 

7. 2 

8. 0 

20. ' 

10. b 

1 10. 6 

8.6 

8.7 

8. 2 

7. 4 

22. ........ 

1 10. 6 

i II. 2 

10. 0 

10. I 



24. . . 


!■ ■ ; 

12. 0 

12. 3 



26 

j , 13- 9 

i. 





i i 
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TABI.B I. — Titratahle acidity of wheat at intervals from the seedling to the late-flowering 
stage, in cubic centimeters of NI20 sodium hydroxid required to nsufralise 10 cc, of ex- 
pressed juice — Continued 

SBRIJSS C 



Tabi^E II. — Ph values of the expressed juice of wheat at iniervals from, the seedling to 

the late-fiowering stage 

SERIES A« 


Age in weeks. 

Ktota. 

Preston. 

Pentad. 

Marauis. 

2 i 

6. 10 

6. 08 

6. 12 

6. 07 

7 { 

6. 12 

6. 02 

6. 07 
6. 04 
6. 15 : 

6. 02 

4 ! 

6. 03 
6, 27 

6. 02 

6. 01 

6 i 

6. 21 

6. 25 

8 

10 

6. i 3 

6. 17 

5 - 98 

5 - 94 
5- 63 

5 - 59 

6. 17 
6. 09 
6.05 

5*84 1 
5.68 
3 - 57 ; 

6. 19 
6. 15 
5.91 
5 - 73 
5 - 50 
5 - 53 

12 

6. II 

16 

' 6. 06 

20 . 

22 1 

24 1 

5 * 59 
5 - 54 

26 . . . j 

5. s 8 


j 



! 1 . 




EJiapH, 


9 S 

95 
04' 
05 

97 
99 

96 

98 


Little Club . 


6, 07 
6. 16 
6. 19 
6. 19 
6. 02 
6. 09 
5. 99 

5-95 

5- -Si 


SERIES B 


3* 

4 - .. 

6 . 

8 . .. 
10. 
12. 
14 - 
16. 
e8. 

21. 

22. 

.. 26. 


6. 1 1 i 0, 07 

I 6. 12 

6, 12 i 6. 08 

6. 19 i 6. 05 


6. 16 1 6 . 17 

6. 00 i 5. 96 


5 - 90 ; 


5 - 95 


5. 66 


5. 66 


6. I I 

6, 09 

6. II 
6. 03 


6.17 

5-93 


5. 76 


5- 62 


6. 09 
6. 10 
6. ir 
6. 10 


6. 17 

S-93 


5-78 


S- 62 

3 - 38 


6. II 

6. 16 
6. 15 
6. 01 
6. 00 
6, 06 
6 . 

5- 89 

5 - 97 


S'. '66 

5- 70 

5. 69 


« Plants cut at I p. m., the others at 0 a. m. 

83798—24 2 ' 
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TABI.K II. — Pb values of the expressed juice of wheat at intervals from the seedling to 

ike late-flowering stage — Continued 


S33KIES C 


A.ge in %veeks. 

Kota. 

Preston. 

Pentad. 

Marquis. 

Khapli. 

Little Club. 

0 

a 6. 01 

6. 03 

“ 5 - 96 

“ 5 - 94 

" 5 - 98 

^ 6. 04 

3 - 

a 6. 06 

“ S -99 

0 S- 96 

« 5. 98 

“ 5 - 95 

« 6. 04 

4 -.. 

5-92 

5-91 

5-89 

5. 92 

5 - 9 'j 

5 - 97 


« 6. 17 

6. 12 

« 6. 01 

« 6. 03 

a 6, 06 

® 6. 14 

6 

5 - 93 

> 93 

5-98 

5 - 96 

5 - 93 

6. 01 


« 6. 03 

“ 5 - 95 

S- 99 

5-97 






8 

5-89 

5.82 

5-89 

5. 90 

S- 87 

5. 84 

10 

“ 6. 13 

® 6. 00 

5-91 

5 - 97 

5 - 93 

i 5 - 9 ^ 

12. 

5-94 

s- 90 

5-94 

5 * 95 

“ 5 - 98 

1 5 - 9S 


5-96 

S- 95 


6. 02 

5-84 

1 5-92 




24 - 

a 6. 02 

“ 6. 10 

“ 6. os 

« 6. 08 

«' 5. 88 

« 5. 97 

16...' 

5 - 74 

5-78 

“ 5 - 85 

a 5. 82 

5. 60 

S- 77 

18 ' 

5 - 67 







0 i 0 






a Plants cut at I p, m., the others at 9 a, m. 


With the exception of the relatively high titratable-acid concentration 
of the young seedlings of Pentad in Series C, and the relatively high 
hydrogen-ion concentration of Elhapli, up to the age of about lo weeks, 
in Series A and B, the values in Tables I and II give no evidence of signifi- 
cant varietal differences, but rather of surprisingly close agreements for 
varieties so unlike, both as to morphological type and susceptibility to 
disease. Since these few varietal differences do not occur in all three 
series they probably represent differences in the reaction of the variety 
to the particular environment and are without significance for the 
disease-resistance problem. The data as a whole confirm the earlier 
conclusion (4) that the hydrogen-ion concentration of wheat juice bears 
no relation to varietal resistance to stem rust, and permit the same 
conclusion with respect to titratable-acid concentration. 

CONCLUSIONS 

The titratable acidity of the juice of the, wheat plant undergoes a 
regular sequence of changes during development from the seedling stage 
to maturity. There is a progressive decrease, sometimes to half the in-; ■ 
itial concentration, between Uie ages of two and about six weeks. This 
period is followed by a period of relatively low acidity, with minor 
fluctuations, extending up to the visible approach of maturity, at which 
time the acid concentration rises as the plants ripen and dry. The final 
value may be twice the highest seedling concentration and almost three 
times that of the least acid stage. 

The hydrogen-ion concentration of the juice of the wheat plant does 
not decrease appreciably between the ages of two ‘and six weeks. It is 
greatly increased during the preripening perjod and reaches a relatively 
high value at the flowering stage and later. ' 

This increasing acid concentration during the final stages of growth 
is correlated with the rate of drying rather than' with head formation' or 
kerne! development. , 

, Both the titratable-acid and' hydrogen-ion concentrations are influenced 
'by /environmental 'condition which determine the rate of growth and 
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wkicb bring about daily fluctuations in acidity, but these variations are 
insignificant in comparison with the changes correlated with the chang- 
ing stage of development of the plant, so that the major trends in the 
acidity curves persist clearly under all conditions. 

Stunted, slow-growing plants, such as those of Kanred in a warm green- 
house, are characterized by an extremety high titratable-acM and hydro- 
'gen-ion concentration ' and may not have the intermediate period oi low 
acidity. Also, infection by mildew, when severe enough to visibly affect 
the vigor of the plant, results in an abnormally high acidity. 

The validity of varietal comparisons based on acidity measurements 
may be open to question unless the plants are at the same stage of devel- 
opment as w^ell as of the same age, equally vigorous, and subjected 
throughout their development to the same environmental conditions. 

Varietal resistance to stem rust is not related at any stage of develop- 
ment to titratable-acid or hydrogen-ion concentration. 

High acidity of the juice does not hinder attacks of the stem-rust " 
organism, for investigators have found that the wheat plant is as sus- 
ceptible during the heading and flowering stages as it is during the 
earlier periods of low acidity. Conversely, low acidity does not pre- 
dispose to the disease, since the plant is no more liable to infection 
during the period of lowest acidity than it is during the earlier and 
later stages. Moreover, resistant varieties pass through the period of 
low acid concentration at the same stage as do the susceptible ones and 
no breakdown in their resistance at this time has been reported. 

LITERATURE CITED 

(1) Farrur, W. 

1898. THE MAKING AND IMPROVEMENT OP WHEATS FOR AUSTRALIAN CON- 
DITIONS. In Agr. Gaz. N. S. Wales, v. 9, p. 131-16S. 

(2) Freeman, E. M., and Johnson, E. C. 

1911. THE RUSTS OP GRAINS IN .THE UNITED STATES, U. S. Dept. Agr. Buf. 
Plant Indus. Bui. 216, 87 p., illus. 

(3) Gassner, G. 

1915. UNTERSUCHUNGEN ObER die ABHANGIGKEIT des AUPTRETENS der 
GETREIDEROSTE VOM ENTWICKLUNGSZUSTAND DER NAHRPPLANZE UND 
VON AUSSEREN PAKTOREN. In Centbl. Bakt., Abt. 2, Bd. 44, p. 512- 
617. 

(4} Hurd, Annie May. 

1923. HYDROGEN-ION CONCENTRATION AND VARIETAL RESISTANCE OP WHEAT 
TO STEM RUST AND OTHER DISEASES. In JotiT. Agr. Research, v. 23, 
p. 373-386. Literature cited, p. 384“386. 

(5) Melchers, L. and ParkEr, J- H. 

1922. RUST RESISTANCE IN WINTER-WHEAT varieties. U. S. Dept. Agr. Bul. 

1046, 32 p., illus. Literature cited, p. 30-32. 

(6) Peltier, G. L. . 

1923. A STUDY OP THE ENVIRONMENTAL CONDITIONS INFLUENCING THE DE- 

VELOPMENT OP STEM RUST IN THE ABSENCE OP AN ALTERNATE HOST, 
n. INFECTION STUDIES WITH PUCCINIA GRAMINIS TRITICI FORM III AND 
FORM IX. Nebr. Agr, Exp. Sta. Research Bul. 25, 52 p., illus. 

1 7) Stakman, E. C., and Levine, M. N. 

1922. THE DETERIVHNATION OP BIOLOGIC FORMS OP PUCCINIA GRAMINIS ON 
TRiTicuM SPP. Minn. Agr. Exp. Sta. Tech. Bul. 8, 10 p., illus. 
Literature cited, p. 10. 

and PiEMEisEL, F. J. . 

1917. BIOLOGIC FORMS OP PUCCINIA GRAMINIS ON CEREALS AND GRASSES. In 
Jour. Agr. Research, v. 10, p. 429-496, illus. Literature cited, p. 

493-495* 


( 8 ) 




CYTOLOGICAL STUDIES OF DIPEOID AND POLYPDOID 
FORMS IN RASPBERRIES^ 

By AI.BERT B. Longbey, Cyiologist, Office of Biophysical I trues ligations, and George 
M. Darrow, Pomologist, Office of Horiicultural I nvesligaiiotu , Bureau of Plant 
Industry, United States Department of Agriculture 

This investigation of the raspberries of the subgenus Idaeobatns^ is 
a. continuation of c3Tological studies of the pollen-mother-cell develop- 
ment of Rubiis begun by the senior author in 1 92 1 . In the first investiga- 
tion, a report of vfhich is now in press, the senior author found that diploid 
forms, that is, forms with a reduced number of seven bivalent chromo- 
somes, were the exception in the subgenus Eubatus. 

The present article presents the result of a careful study of the pollen- 
mother-cell development of species and varieties used in raspberry 
breeding by the Office of Horticultural Investigations of the United 
States Department of Agriculture, in vrhich it is shown that most rasp- 
berries have seven bivalent chromosomes. 

The study was undertaken to determine the chromosome number of 
the various species of raspberries as an aid to breeding and especially to 
find some explanation for the peculiar behavior of hybrids of La France 
and Ranere (St. Regis) varieties. From 100 or more seedlings of this 
particular cross only one weak plant gave well-developed fruit. A 
large percentage (32) bore sterile flowers and the remainder showed a 
range in fertility from those having an occasional flower in which a 
drupelet set to those with several drupelets to each flower. La France 
has been considered a variety of Rtibtis idaeus, the European raspberry, 
and Ranere, a variety of R. sirigosus, the American red raspberry. 
These species are more closely related than many others which, when 
hybridized, give all, or nearly all, fertile progeny. For example, hybrids 
of Gregg (R, occidentalis) X Ranere (R. strigosus) in the same environ- 
ment as La France X Ranere hybrids are entirely fertile. Certain other 
forms, when crossed, also gave an unexpectedly large percentage of 
infertile seedlings. Such results are difficult to interpret and it was hoped 
that knowledge of chromosome behavior might help to explain them. 

The subgenus Eubatus (blackberries) in which the haploid number is 
seven has many chromosome groups, that is, tetraploid, pentaploid, hexa- 
ploid, and octaploid (12), The closety related genus Rosa also has the 
same basic chromosome number seven and has similar chromosome 
groups (jp) (j) {14), Hybrids between polyploidal forms of Rosa are 
reported to behave in a manner quite different from the simple Men- 
delian expectation. It was considered possible, therefore, that there 
were similar polyploidal groups among the raspberries which would 
explain the results observed. To make the work as systematic, compre- 


^ Received for ijublicatlon Feb. 9, 1934. 

® The classification used in this paper is, for the most part, that of Fockc given in "Species Ruboram” ( 3 ) 
8 Reference is made by number italic to " literature p. 74^-748 


Jofumal of Agricultural Research, 
Washington, D. C. 


(737) 


Vol. XXVH. No. 10 

Mar. 8, 1924 
Key No. 0-380 



Journal of Agricultural Research 


Vo!. XX No., to 


lieiisive and telpiul as possible, representatives of as many types ot 
raspberries as could be procured were selected with special reference to 
the economic importance of the groups, their botanical relationship, and 
tlieir possible value in breeding.. 


I^L^TERIAL AJS^D METHODS 

The plants from which buds were taken were grown at the Bell Horti* 
cultural Field Station, Glendale, Md., and at Arlington Experiment Farm, 

Rosslyii, Va. 

Material was cf3llected during the last two weeks of May, in June, and 
again i,ii September and October {1923). ^ Buds were killed in weakchromo- 
acetic solution, and in Bonin’s killing mixture, both of these being quite 
satisfactory. 

All material was imbedded in nitrocellulose, this^ medium having been 
found very satisfactory for this type of investigation. The buds were 
sectioned about 15 micra thick so as to have uncut nuclei for study. 

Heide-aliain’s iiaematoxylin was used for staining chromosomes. The 
mother cells were studied by the use of 2 mm. and 1.6 mm. Zeiss apochro- 
matic lenses and .No.. 12 and 18 compensation oculars. 

Pollen counts ivere made from anthers that had not dehisced. Plate 
I, 'A, shows a bud in the stage of development usually chosen. The 
anthers were crushed in water on a glass slide and all plump grains 
counted as good. As a rule, the count was made from 100 grains’ only 
and the percentage of good pollen is, therefore, only approximate. Ger- 
mination tests and special technique are necessar}^ for a final test. 

H1ST0R!C.A:L and CYTObOG.ICAb DESCR,I?TION 

For coiivenience, the classification of Pocke has been followed, for the 
most part, and the .results have been presented in sections and series as 
given in **SpedesRubonim’’' (S ), ' The few polyploid forms, however, have 
been segregated and discussed 'after the review of the diploid forms. 

.Brief historical de,scriptioas of many raspberry species and garden 
varieties are -first ^ven. The inconsistency existing in the nomenda- 
tiire ot horticultural raspberry and blackberry forms makes .it necessary 
to include the available history of each species and variety used in this 
study, since in this way. the identity of the material will be established 
more d.e,fimtely. These descriptions, which we regret are incomplete, are 
followed by the^ results of morphological and cytological studies of pollen 
and 'polleii formation. . 

Table I presents a summary of the pollen counts and the chromosome 
mnnber^and t^havior during the pollen tetrad formation of the 'species 
and vari,et!es studied. Plates 2 and 3 show drawings of heterotypic 
prophase.s selected from type species, varieties, and hybrid forms. 
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TabI/B I . — Ckromosome number and pollen condition of rwypherries 


6. R. coreanusyCR. sirigo- 

stis horticultural va- 
riety Newman 

7. R. phoenicolasius 

Series Thrysidaei™^ 

8. R. adenopkorus 

9. R. innominatus . . 

10. R. innominaitisXR. 

idaeus horticultural 
variety Superlative . . . 

11. R. innominatus X . 

idaeus X R . sirigosiis ) 

. horticultural variety 

Cuthbert ct 

Series occidentalis — 

12. R. occidentalis — 

Horticultural variety 

Cumberland 

Horticultural variety 

Farmer 

Horticultural variety 
Oregg . 

13. R, occidentalis X i?. 

idaeus — 

Horticultural variety 
Gregg X Wisbeck . . . . 
Horticultural variety 
Royal 

14. (i?. occidentalisyi R • 

idaeus) X R ■ strigosus— 
Horticultural variety 

Cardinal , 

Horticultural variety 
Royal X Newman . . . . 

15. R, occidentalis X R ■ 

sirigosus — 

Horticultural variety 

GreggXKing b 

Series Eu~Idaea — 

16. R, mesogaeus ........... 

17. R. idams — 

Horticultural variety 

Lloyd George 

Horticultural variety 
Magnum Bonum 



Percentage 
of good 
pollen. 

i 

Number j 

of Behavior of 

haploid ! chromosomes 
chromo- i at meiosis. 
somes. ■ ‘ 

Plate No. 

Subgen us I daeobatus : 

Section Rosaefolii — 

I. Rubus illicebrosus . , . . 

97 
So 1 

I 

7 1 Regular. . . , 


2. R. thunbergii 



Section Pungentes — 

3. R. lasiostylus 

* 7 1. . .do .! 

2 H 

4. R. lasiostylus dizygosX.R, 
idaeus horticultural variety 
Superlative i 

40 i 

7 i . . . do i 

2 K 

Section Idaenthi — ^ 

Series Nivei — i 

5. R. coreanus i 

1 1 

7 b. da i 

2 I 


33 


98 


75 " 


93 

89 

99 



» The classification of raspberiy varieties used is that of Barrow; see literature cited ( 6 ), 
& The pollen count was made from one of the most fertile forms this cross. 
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Tabi^E I. — G/irO'mti.so.w number and pollen condition of raspberries — Continued 



1 Percentage 
! of good 

! polien. 

1 Number 
: of 

^ haploid 
i cliromo- 
i somes. 

Beha%dor of 
chromosomes 
at meiosis. 

Plate No. 

Su bgenus I daeobatus— Continued . 

1 

i 



Section Idaenthi— Continued. 


i 



Series Eu-Idaea— Continued. 


i 



iS. A^ idaeiu (? 1 — 

■ 

! 



Horticultural variety 


j 



■ Ta France 


14 

Irregular. . . 

3B 

Horticultural variety 





liien'eille Rouge .... 

24 

14 

. . .do 

3 E 

Horticultural varietv 





Merveille de. Quatre 





Saisons Rouge ....... 

28 

14 

. . .do 

3F 

Plorti cultural variety 





Soffiasse Merveille a 





blanc 

10 

14 

. . .do 

h-i 

1 

0 

fo 

Plorticultiiral varietv 





■Souvenir de Desire 





Bnmeau 

36 




Horticultural ■ variety 





All Summer 

07 

21 1 2 

. . ,do 


Horticultural variety 

; y i 

i ^ 

i 



White Queen ....... 

96 

: 21 12 

. . .do 


3 ' 9 . R. idaem X A. sirigostis — 


i 



Horricultural variety 





Cuthbert . . ... T 

70 1 

■ 7 

Regular. . . 

2 D 

Horticultural variety 





Marlboro ■ 

k;o I 




20. R. IdaeusXR^ strhostis i 
1 ■' 1 

1 




Horticultural variety 





Ea France X Ranere , . j 

■' Variable, j 

21/2 

Irregular. . , 

3C 

Horticultural variety | 

j 




Erskine " 

50 * 

21/2 

. , .do 

3D 

21. E. sitimsiu— ■ ; 

1 




Wiid^Plant. . ...i 

100 

7 

Regular. . . 

2 A 

Horticultural variety I 


1 



Eaton . ^ 


7 ! 

. . .do 


Horticultural variety .• 





King I 


7 

, .do' 


Horticultural variety | 





Hewman, i 


7 

. . .do 


Hoiticultural variety i 





Ranere I 

1 

100 

7 

. . .do 

3 A 


DIPCOID RASPBERRIES 


SECTION PUxNGENTES'X IDAENTHI 


Ms i&smhlus dkygosXM, idmus horticultural variety Superlative This 
made by tlie junior author at the Bell Horticultural Field Station and buds 

taken from a selected individual 


cross 

were 
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SECTION IDAENTHI 

R. coremmsXR- strigosus liortlcuitural variety Newman. This cross was made 
by the junior author at the Beli ■ Horticultural Field Station and the buds taken from 
a selected bush. The R. coreanus parent of this hybrid was grown from seed secured 
from Kew, England, bitt itself seems to be a hybrid, R, coreanusXR^ biflorus. 

R. imiominatus S- Moore. The plants of this species were propagated from, plants 
grovTi by the late Dr. Walter Van Fleet, presumably from seed sent by E. H. Wilson 
from China. 

R. adenopkorus Rolfe. The plants of this species were obtained from the Office of 
Foreign Seed and Plant Introduction* United States Department of Agriculture, 
under No. 52939. 

R, innomifiatusXR‘ idaeus horticultural variety Superlative. The plant from 
'Which buds were taken was one of several of tliis cross made by the junior author 
at the Bell Horticultural Field Station. 

R. imiominatiisXiR- idaeusXR- horticultural variety Cuthbert. Horti- 

cultural variety Fleet, This hybrid was made by the late Doctor Van Fleet 
at Chico, Calif., and the plants grown from seed at the Bell station. 

R. occidenialis. Horticultural variety Cumberland. This was originated by David 
Miller of Camp Hill, Pa., and introduced in 1898. 

Horticultural variety Farmer (Plum Farmer). Tliis was found in a shipment 
of another variety received by L. J. Farmer, Pulaski, N. Y., and introduced by him 
in 1895. Farmer, as an early sort, and Cumberland as a late variety are the leading 
black raspberries grown in the United States. 

R, occidentalisXR‘ idaeus. Horticultural variety Gregg >CWisbeck. The buds 
were collected from one of several seedlings of this cross made by the junior author 
at the Bell station. 

Horticultural variety Royal. This variety was originated in Indiana by D. H. 
Gerton, and was introduced by D. J. Farmer, Pulaski, N. Y., in 1909. 

(i?. occidentalisXR’ idaeus)Xsingosus. Horticultural variety Cardinal. This 
variety originated on the place of A. H. Griesa, Lawrence, Kans., in 18S8, apparently 
from seed of the Shaffer. Because of its glandular hairy inflorescence it is considered 
a cross of the Shaffer with a variety of R. sirigosus (4). 

Horticultural variety Royal X Newsman. The material for study was taken from 
a plant growing at the Bell station which was one among the many crosses of this 
parentage made by the junior author. 

R. occidenialisXR- sirigosus. Horticultural variety GreggXKing. This materia! 
for study was taken from one plant, which was selected for ite good fruit, from a large 
number of plants of this cross made by the junior author, at Qie Bell station. Most 
seedlings of this cross ■were partly sterile* setting but few drupelets to each flower. 
This seedling -was selected as the best and its pollen cotmt showed a notably high 
percentage of good pollen grains. The seed parent was a variety of black raspberry 
resembling Gregg but concerning the identity of which there was some question. The 
abundant glandular inflorescence clearly distinguishes these crosses from the Royal 
and the Gregg XWisbeck. 

R. idaeus. Horticultural variety Lloyd George. This variety w^as found wild and 
introduced by J. H. Kettle, Corfe Mullen, Winbome, Dorsett, England, in 1920. 

Horticultural variety Magnum Bonum. This old variety of Europe was in-tro- 
duced into America about 1840. It differs markedly from the other European rasp- 
berries which we have studied. The turions are densely covered witli glandular 
bristles and it resembles mountain and maritime forms. 

R. idaetisXR- sirigosus. Horticultural variety Cu-thbert. This variety originated as a 
chance seedling in the garden of Thomas Cuthbert at Riverdale, N, Y., about 1865 
growing near plants of the Hudson River Antwerp, a variety of R. idaeus. It is, 
therefore, considered a hybrid of i?. 

Horticultural variety Marlboro (Abundance j Laxton^s Abundance, Perfeciion of 
England). The material used was gathered from plants received as Laxton's Abun- 
dance from Laxton Bros., England, a variety which was determined to be identical 
with Marl 1 x)ro by Grubb (p). This is confirmed by our examination. Marlboro was 
originated by A. J. Cay wood, Marlboro, N. Y., as a cross of Highland Hardy, and a 
seedling from English Globe and the Hudson River Antwerp (5), and introduced in 
1884. Highland Hardy is supposed to be a variety of R. sirigosus. November Abun- 
dance is probably a distinct sort, having originated in England. 
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R. strig&siis Iviclix, Vi’ild plants from Hebron, N. V. In September, 1920, selec- 
tions were made of btislies fmiting freely in the fall on turion tips. These were 
transpi anted to the collection of the Bell Horticultural Field Station. 

HoTticiiittirai variet}^ Eaton. Found as a chance seedling at Cambridge City» 

Incl., in 1S85. Its glandular infioresceiice refers it to i?. 

Honicuitiiral ■variet>’ King. The histor}" of this variety is not entirely 
clear. It is widely grown in the upper Mississippi Valley States. The buds used 
were from plants of this variety secured from Michigan. It 7s siipposed to be the 
Tliompson*s King sent out by the Cleveland Nursery Co. of Rio Vista, Va. ,^ in 1892, 
wliicli variety* was -grown from seed of Thompson by T. Thompson of Richmond. 
Beach, in however, states of tliis variet}p ‘‘Canes vigorous, show evidence 

of Idaens parentage” (2, p. 204}. King, as grown to-day, does not show evidence of 
R, Mmns piarentage, except perhaps in that a large percentage of its progeny are 
more or ie'ss infertile, but it has the glandular inflorescence, the thin leaves, and 
light-red fruit of R, strigo^us and is vei^^ hardy. Over 100 hybrids with a black rasp- 
berry and many hundred other hybrids and crosses with it made by^the junior 
author fail to show characteristics of R, idaens but do show characteristics, of R. 
sirigosm and it is classified accordingly. 

Horticultural variety Newman. This variet}" was grown from seed of Eaton, 
by C. P. Newman, Ta Salle, Quebec, and was introduced by the Provincial Gov- 
efiiment of Quebec, Canada, iiT 1921. Its hardiness and light red fruit refer it to this 
sj^ecies. Newman states that the pollen parent may have been King. 

Horticultural variety Ranere (St, Regis). The Ranere was found wild near 
HaniiJionton, N. J., by A, Ranere and was expensively grown by him _ and others 
'Several years before 1910 when it was introduced under the name '"St. Regis." It 
is densely glandular, hairy, very hardy, has thin leaves and light red fruit, and is 
referred to R. sirigmus (dp 

Table I shows tliat all raspberries examined cytologically can be sepa- 
rated into two classes, those with seven haploid chromosomes, and those 
with more than seven. 

Such' a division also separates all species into tw^o groups based on the 
distribution of the chromosomes during the reduction divisions of the 
pollen mother cell. The diploid species, that is, those, showing seven 
'bivalent or haploid chro.iiiosomes just previous to the first reduction 
division, have 'the somatic or univalent chromosomes pairing very 
pro,iiiptly in the prophase of the first reduction division, and these bival- 
ent chromosomes divide regular]}^ and promptly in both the first and 
second divisions. Such a division gives a quantitatively equal distri- 
bution of all chromatin material to the four daughter nuclei, and conse- 
quently this type of dimsion has been termed regular. Howe'cer, a study 
of the reduction phases showed, in rare cases, a little tardiness in pairing 
of univalent chromosomes, or occasionally a single chromosome lagging 
behind, its assocktes in reaching the pole after either the first or the second 
reduction dii-dsion, but these ■ irregularities were so rare that they may 
be ^disregarded. 

POTYPLOID RASPBERRIES 


The following secdon is a discussion of a smaller group of horticultural 
varieties of raspberries in which the chromosome number is larger than is 
the rule in di,ploid forms and in which chromosomes show characteristic 
irregularities in their distribution during meiosis.. 


■ (?). Hortictiltural variety La France, ■ This variety was secured from" 

the mbtKiucer, Joha bcheepers Co-., New York City, The original stock was intro- 
dueeci. tmm France probably between 1890 -and 1900 and gro'wn at Stamford, Conti., 
'frain^ 'whsck place' it was distributed. It resembles Merveille de Quatre Saisons Rouge 
ve'iry closely and may be. identical with it, ' ' ■ - ' ■ 

_ Hoiticuitural variety Merveille Rouge. This old French variety" was raised 
and iat^,'ticed by Simon' Louis Fr&res of Metz, France. , Our^' stock which was 
Bros,, .Bedford, England, is 'very similar to Merveille 'de Quatre 
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Hortictiltiiral variety Merveille de Quatre Saisons Rouge. This is probably 
the same as Perpetual de Billiard. It was raised and introduced in 1849 by M. 
Billiard, nurseryman of Fontenay, near Paris. Stock of this was obtained from 
Orleans. France. It is one of the old varieties and is reported as identical witli 
October Red (20) and the Old Double-Bearing {18). It is also reported as a supposed 
seedling of Fastolff (id). 

Horticultural variety Surpasse Merveille a Blanc. Stock under this name 
was secured from Orleans, France, but it bears red fruit and resembles Merveille de 
Quatre Saisons Rouge very closely and its probable identity with this ' variety is 
indicated further by this cytological study. 

Horticultural variet\^ All Summer. Plants of this variety were obtained 
from Orleans, France. 

Horticultural variety White Queen. White Queen was introduced in 1920 
by Wm. M. Hunt & Co., of New York City, who state' that it may be of French parent- 
age. It was found on the place of Jonathan Thorne at Black Rock, Conn., and is sup- 
posed to be a cliance seedling. It fruits freely in the autumn on young canes. 

La France was the first raspberry studied in which more than the ' 7 
haploid chromosomes were found and, because of this, all phases of 
meiosis have been studied critically. Plate 3, pictures the 14 bivalent 
chromosomes. They appear crowded in the drawing, but are on the 
periphery of the nucleus and quite separate in the actual observations. 
Not only is there an increase in chromosome number above that of. 
diploid forms, but there is also a change in the general appearance of the 
anthers. Clear figures, plump mother cells and prompt pairing of the 
chromosomes at diakinesis are absent and one has to study much mate- 
rial and stain carefull}^ in order to overcome the unfavorable conditions 
found in this polyploid form during meiosis. 

It seems unnecessary to discuss in detail the reduction divisions of 
this variety but one characteristic should be mentioned, that is, the 
irregular distribution of chromosomes, some of which lag on the spindle 
and are extruded from the daughter nuclei. Such behavior is believed 
to indicate hybrid origin, and results in the formation of pollen grains 
with varying chromosome numbers and varying in viability. 

La France, though not hardy, endures the winters better than many 
European raspberry varieties. It. has dark green foliage which is more 
resistant to leaf spot than spring fruiting European sorts. It also bears 
fruit quite freely^ on the turion. tips in the autumn. Five varieties with 
characteristics similar to La France were selected and five additional poly- 
ploidous forms were found. The cytological study of these forms had 
associated with it the difficulties referred to in the foregoing variety. 
The mother cells frequently were thin and vacuolated and collapsed 
before the}^ reached the tetrad stage. After much search favorable 
figures of many stages were found. 

The 14 haploid chromosomes of Merveille Rouge and Merveille de 
Quatre Saisons Rouge are represented in Plate 3, E and P. These typical 
prophases resemble that pictured for La France and the later phases have 
associated with them the same interesting irregularities. Consequently, 
one would expect to find a large amount of pollen sterility, an expecta- 
tion borne out by the actual observations, both varieties having only 
2 5 per cent viable pollen. ' 

Surpasse Merveille a Blanc has 14 bivalent chromosomes. The early 
prophases which showed the univalents grouped in pairs were; very favor- 
able for study.' Plate 3, G was drawn from a, figure. that had only three 
bivalent chromosomes, the remaining -22, univalents are seen grouped' in 
pairs. A later prophase showing only bivalent chromosomes is repre- 
sented in Plate 3, H. Plate 3, I, is a drawing of a very late heterotypic 
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propliase or early metaplaase. Seven cliromosomes are at tlie^ equatorial 
plate, some even having divided, while the remaining 7 are lagging in their 
approach to the plate* It is these laggards that cause observed irregular- 
ities in this and the homot}?^pic division. They are again tardy in their 
movement from the nuclear plate and may not be included in the daugh- 
ter nuclei and so the resulting pollen grains do not receive either a quali- 
tatively or quantitatively equal amount of chromatin material. This 
type of reduction is styled as irregular. 

The chromosome number of varieties White Queen and All Summer 
91 

seems to be During meiosis they show many of the irregularities 

peculiar, to triploid hybrids, and, consequently, they are grouped with the 
foregoing polyploidous raspberries. The pollen of these two sorts, how- 
ever, seems remarkably good when their chromosome condition is con- 
sidered. 

R. sifiaoms X i?- idaens, (?), Horticultural variety Erskme. This originated at Lee, 
Mass., with E. ?. Xormah, being found in 1S95 among Marlboro plants set in 1890. 
Two otj-ier varieties, the Cuthbert and Golden Queen, were being grown by Norman 
at that time.. As the plant was small, he supposed it to be a seedling of tlie Marlboro, 
riie Marlboro plants were obtained from Kllwanger 81 Barry of Rochester, N. Y., who 
also were gro-wing Fontenay and other European raspberries. Pontenay is an autumn- 
fruiting sort and probably belongs to this polyploid group. There is a bare possibility 
that Erskine may have come from that source. If Qie assumption that Erskine origi- 
nated from tlie Marlboro is correct then it' is the only polyploid variety of American 
origin derived from American varieties yet found. 

Horticultural variety La France X Ranere. These hybrids were made by 
the junior aiidior at the Bell Horticultural Field Station and two of tlie seedlings, one 
entirely sterile, the other nearly so, were selected for this study. 

Erskine was the second polyploid raspberry discovered and difficulty 
was experienced in finding good mitotic figures to study the various 
phases of this form. This supposed hybrid is triploid, and the reduced 
chromosome number is represented in Plate 3, D. There are generally 10 
chromosonies at diakinesis. In the earlier study of the Eubatus subgenus 
by the senior author, triploid foims were found to be very abundant, and 
this hybrid behaves in a manner ver}^ similar, to that described for triploid 
blackberries. Seven of the bivalent chromosomes behave in . a regular 
manner during the reduction phases, -but the remaining chromosomes are' 
slow about fusing in the heterotypic prophase. These laggards are dis- 
tributed, during meiosis, in an irregular manner to' the four daughter 
nuclei or are frequently extruded into the cytoplasm where they degener- 
ate -or become the nuclei for dwarf pollen grains. 

The hybrid, La ■ France X Ranere, is triploid, which would be the 
natural result if the p.ar€nts contributed 14 and 7 chromosomes, respec- 
tively. Plate 3, A, B-, and C, represents prophases of .the parents and the 
hybrid. This opportunity to study an F^' raspberry hybrid has shown 
that it .behaves in a manner very similar to that .described by Rosenberg 
(15). for the well-known pr.osera hybrid. This artificially produced rasp- 
berry hybrid has all the i,iTegularities of chromosome, distribution noticed 
in triploid blackbe, tries, and furnishes additional evidence that many of 
our blackberries are very recent hybrids. ' 

.In collecting material of this La France X Ranere 'Cross, buds were 
gathered from two seedlings, ' No. i 'and 'No. 2. All anthers of ,No. i, as 
pictured in Plate were so .sterile, that it' was impossible to .find normal 

redU'Ction pha^s. , 'Such , extreme sterility recalls the sterility of Pfunus 
mmsus X P. amumm reported by Dutrochet (7) who writes, ‘ ‘ The ‘ stamina’ 
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formed a compact mass in whicli no pollen was formed:’^ Form No. 2 
was more fertile, as the anthers pictured in Plate i, B, show. From this 
plant there was procured sufficient material for a study of the reduction 
division. Since this hybrid is triploid, it corresponds to the intergroup 
crosses of wheat (Triticum) in 'v^diich Sax (if) found the greatest sterility. 
It indicates that the sex cell on La France side had 14 chromosomes. 
The behavior in egg formation, ' therefore, differs from that studied by 
Tackholm for the Canina group of roses. He found that the viable egg 
of a tetraploid species had 2 1 (ffiromosomes and the viable pollen usually 
had 7 chromosomes. 

It seems certain that this list of polyploid raspberries is not complete. 
The varieties Buckeye, Hailsham, and Souvenir de Desire Bruneau show 
external characteristics vdiich place them in this group, that is, as grown in 
the United States, they are more hardy than the diploid varieties of 
R. idaeus, have heavy dark green foliage, resist leaf spot, and bear fruit 
on young canes in autumn. 

DISCUSSION 

POLUEN STERIUITY INT RASPBERRIES 

Table I shows a dozen diploid forms in which the per cent of good 
pollen has been determined. Five of these diploid varieties are hybrids,, 
and the large amount of sterile pollen existing in them, in contrast to 
the small amount of sterile pollen that generally exists in stable species, 
supports the view that hybridizing may cause noticeable sterility in the 
offspring (10). 

This table also shows a second group of sterile raspberries, including 
all but two of the polyploidous forms. The high percentage of good 
pollen found in the two exceptions was unexpected, and since a study of 
these varieties is not complete, no explanation will be attempted. The 
remaining six forms are very sterile and characterized by an unequal 
distribution of the chromosomes during the pollen tetrad formation. 
This extreme sterility may be attributed to unbalanced chromosome 
conditions existing in the nucleus of the pollen grain, which in turn is 
recognized as a character of hybrids between incompatible species. The 
inference, therefore, seems to be that raspberries showing pollen sterility 
are of hybrid origin and that polyploidous raspberries are the result of 
crosses between plants belonging to different chromosome groups. 

CHROMOSOME MUUTIPEICATION DUE TO HYBRIDIZATION 

Polyploidy in raspberries seems to have originated in both Europe and 
America. Our knowledge is too limited to allow the acceptance of one 
explanation to the exclusion of all others as to how it originated, but the 
present data support the theory that polyploidism in raspberries has 
originated through hybridization. 

In England Rtihus caesius, a tetraploid trailing blackbeny, blossoms 
at approximately the same season as the raspberries, while the common 
blackberries blossom several weeks later than riie usual raspberry flowering 
season. A species with dark thick' leaves, similar to R. caesius, seems 
essential to^ explain' the characters present in polyploid raspberries. 
One English autumn-bearing raspberry was reported' as a hybrid, R. 
caesius X R. idaeus (ii). The junior author has raised many R. idaeus X ^ 
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R, aiesius crosses from seed and obtained a great variety of forms, but 
uiifortimately these plants had been destroyed previous to this study 
and no cytological material is available. 

An Fg hvbrid, originated by Professor Ness (ij) of the Texas ^Experi- 
ment Station, Is a cross between the Cardinal raspberry, a diploid forni, 
and R, ruhrisetMS^ a soiithem blackberry. A cytological study of ^ this 
hvbrid seems to provide evidence to support the theory of the origin of 
polyploidisni in raspberries through h^^bridization and selection.^ 

Three figures drawn from early reduction phases of this Fg hybrid show 
the cytological conditions in this hybrid. Plate 3, J and K, shows the 14 
clironiosoiiies of this tetraploid form, while Plate 3, L, pictures a slight 
irregularitv in chromosome distribution. It w^as exceptional to find 
irregiilaiities during meiosis,but the history of this hybrid shows that it 
has been selected through several generations and now behaves like a 
stable species. 

This Ff. hybrid demonstrates that fertile raspberry-blackberry hy- 
brids - are "possible and it also shows that a tetraploid Rubiis, has been^i 
experimejitally produced with the characteristics of a stable species. 

After studying many known raspberry X raspbeiry hybrids without 
finding a single case of chromosome multiplication it seems worth while 
to consider the possibility that all the polyploidous forms described in 
this article are the result of raspberry X blackberry hybrids that have 
been selected artificially or naturally and now have found a place in, 
our commercial varieties of .raspberries. 

SIGNIFICANCE OF DIPEOID, TRIPLOID, AND TETRAPEOID RASPBE)RRIES 

We have shown that all the species or varieties of raspberries examined 
have the basic chromosome number seven. Furthennore, hybrids even 
between species which are quite different in their external characters 
also have th,e same basic number seven. A few varieties referred to 
idaeuSj however, are triploid or tetraploid and the presence of these ' few 
variant forms, in a group otherwise uniforni in this respect, is important. 

There are genera in which chromosome multiplication has been re- 
ported, and i.n which new hybrid species- and varieties are appearing 
eontiniiaJly. The blackberries, roses, and hawthorns are well known 
ex'amples w-here multiplication of species and varieties is associated with 
chromosome multiplication. In Europe several thousand Eubatus Rubi 
have been collected and described as species while the recent American 
publication on ''Standardized Plant Names” (i)', devotes 50 pages to 
listing varieties of roses alone. The presence of a few polyploid rasp- 
berries, of unquestionably recent origin, may be the beginning of a 
similar multiplication in raspberry forms. All polyploidous raspberries 
belong to the best autumn-fruiting European group, and, therefore, an 
effort sho'uld be made to combine by hybridization their good qualities- 
with those of our li.ardy American varieties. 

, La, France x Ranere hybrids, obtained at the Bell station by the junior 
author^deinoiistrate the variable results that may be expected from inter- 
group hybrids. The, raspberry breeder who attempts to introduce' the 
■di.aracters^ present in po}\q 3 loid raspberries by hybridization will find his 
efforts seriously limited by. the’ incompatibility frequently existing be-' 
t.ween.'.hybrids.mvolv^ing different chromosome groups. ' 

, Therec^it study of. tetraploid Batura hybrids (4) is'a carefully planned 
sci€iitifi.c research, into the genetic behavior of a recently discovered 
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group of polyploid forms. This pioneer investigation shows that the 
chances of obtaining new combinations have increased with an increase 
in chromosome number and it has been found by studying large popu- 
lations from such hybrids that the olfspring follow certain genetic laws 
of segregation. It is only by means of such experimental hybridization 
that the plant breeder, who is working with a genus such as Rubus, may 
help to deduce laws of inheritance that will aid him to combine desirable 
qualities from the varied material at hand and segregate tliem in the later 
generatioiis- 

STJMMARY 

Diploid species and hybrids are the rule in the Idaeobatis subgenus of 
Rubus. 

Triploid and tetraploid forms are few in number but are a significant 
and characteristic group of raspberries. 

This study suggests that polyploid raspberries are Idaeobatis X Eubahis 
hybrids. 

Polyploidism, if once established in a group, is likely to increase; con- 
sequently the breeder attempting interchromosome group crossing will 
find his difficulties increased, the interpretation of results more difficultj 
but the chance of obtaining new combinations of characters multiplied. 
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PLATE i« 


A. — Red raspberry buds and Sowers. Pollen counts were made, for the most part, 
from anthers taken’ from buds at approximate!)’’ the stage of development shown 
in the youngest bud. 

B. -"Photomicrograph of an anther from a La France XRanere hybrid that was used 
for tile study of the chromosome behavior in tliis triploid individual. 

C. — Photomicrograph of anther from a sterile La Franc XRanere hybrid. 


«sTlie drawiflp d Plates a and 3 were made with a amm, 2 eiss apochromaticlens, a No. iS compensation 
ocular and a camera Iticida. One exception, Plate 3, G, was made with a i. 7 lens and a No. 12 ocular. 
drawings were made with the paper on the table level with the base of the microscope. 






PLATE 2 


Polien-motlier-ceils of rubi at diakenisist^i' 

A. — Rubiis strigosiis. 

B. — Rub us idaetis. Horticultural variety Lloyd George (early heterotypic iiieta» 
jihase). 

C. — Rubus occidentaUs. Horticultural variety Cumberlandj showing the two, long, 
slender chromosomes. 

D. — Rubus idaeiisXstrigosus , Horticultural variety Cutlibert (early prophase). 

E. — Rubus occidenialisXidaeus. Horticultural variety Gregg XWisbeck. 

F. — Riibus occtdeniaUsXstrigosus. Horticultural variety Gregg X King. 

G. — Rubus (occtdenialisXido£iis)Xstrigos2is. Horticultural variety Royal X Newman 

No. 23. ^ ' 

H. — R^ibus laszostylus. 

I . — Rubus coreauus, 

J . — Rubus hinominatus. 

K. — Rubus lasiostyhis variety dizygosXidaeus horticultural variety Superlative. 

L. — Rubus coreanusXstrigosus horticultural variety Newman. 

11 . — Rubus innominatusXid<ie2is horticultural variky Superlative. 

N . — Rubus innomina ins X (idaeus X siri gosus) hojrticultural variet}- Cuthbeit . 

O . -—Ruhis phoenicolasius . 

P. — Riihus adenophorus. 

Q. — Rubus mesogaeus. 


^ Drawings reduced one-half. 



FhATU 3 

Pollen-mother-celis of some polyploidous rubi:“ 

A—Rubw strigosus. Hortictiltiiral variety Ranere, diploid. 

B. —Rubus idams (?). Horticultural variety La B'rance, tetraploid. 

C. —Rubmidaeus ( IjXstrigosus. Horticultural variety La France XHanere, triploid. 

D. —Rubus sirigos'itsXidaeus, (?). Horticultural variety Erskine, triploid. 

E. ~A tetraploid Rubus, Merveille de Rouge. 

F. — A tetraploid Rubus, Merveille de Quatre Sai^ns Rouge. 

G. H and I. — Three stages in the heterotypic division of Surpasse Merveille a blanc. 
J, K and L.—Three stages in the heterotypic division of the Ness, a tetraploid rasp- 

berr>'-blackberr>^ hybrid. 


o Drawings reduced one-half. 





AECIDIOSPORE DISCHARGE AS RELATED TO THE 
CHARACTER OF THE SPORE WALL^ 

By B. O. Dodge 

Patko legist, Fruit-Disease Investigations, Bureau of Plant Industry, United States 
Department of Agriculture 

During tiie prosecution of cytological studies on species of rust, the 
writer has made some observations on the development of their aecidia 
and on the origin and discharge of aecidiosporesc The formation of 
germ pores and the concomitant development of structures which play 
an important rdle in spore discharge from the aecidium of Gymnospor- 
migium myricatum (Schw.) Fromme are briefly described in tiis paper. 
Attention is also directed to important differences obtaining with respect 
to these features in tlie orange-rusts of Rubus. 

The mechanics involved in the discharge of spores by such fungi as 
Pilobolus have always been a fascinating subject for investigation. 
More recently Buller (i)^ has added greatly to our knowledge of spore 
discharge by the Hymenomycetes, and has pointed out that in the com- 
mon mushroom there is a very delicate adjustment of organs to insure the 
unobstructed fall of the spores between the gills as they come to maturity. 
The basidiospore is started off along its sporabolic trajectory with an 
initial horizontal velocity imparted it by the force of some miniature 
explosion, as it were. The actual mechanics of the process still remain 
a mystery. It is a well-known fact that the sporidia of Gymnosporan- 
gium are frequently set free from the promycelium with enough force to 
cairy them well beyond the other promycelia on the teSal horns. 
Dietel (j) has shown by measurements that sporidia of certain rusts are 
discharged from sterigmata with sufficient violence to carry them out 
horizontally nearly a millimeter. 

Observations that have been made on the part played by the peristomal 
teeth of moss capsules or by the segments of the “peridium” of the 
Geasters in spore discharge have probably led us to assume that the 
hygroscopic action of peridial cells of the roestelia type serves as much 
to check the scattering of spores during unfavorable iveatlier as it does 
to dislodge them. . ■ ' 

In attempting to make stereoscopic photographs of the beautiful 
aecidia of G. myricatum wiPk a binocular outfit, the writer (5) was not 
very successful in obtaining ■ clear' pictures of the spores in the cups, 
because the group of spores brought into focus generally disappeared 
before the completion of the exposure- On examining aecidia on freshly 
gathered leaves with a microscope of fairly low, power, it was noticed" 
that the spores were being shot out of the cups one by one with consid- 
erable force' like popped corn jumping out of the popper. When recently 
matured aecidia "were dissected out of the leaf and placed on^ slides' in 
damp chambers overnight, it was found that a fan-shaped spore print 
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liad been formed,, spreading away from the motitli of the cup (fig, 

A, B). These spores, mounted in water, appeared not to differ from 
ordinat}^ aecidiospores, but examined dry directly on the slide on which 
thev had been discharged, it was apparent that some of the spores had 
small spherical bodies attached to their walls. Many such granules lying 
scattered about over the field covered were at first thought to be particles 
of dust,' but on going back to aecidia on fresh leaves and looking down 
into the aecidiuin cups it was found that the spores showed these bodies 
on their surfaces before being discharged. By carefully dislodging the 
l>odies from the spores in dry mounts it became evident,, as it had not 
'been in liquid mounts, that some of them were located directly over the 
germ pores and that probably each germ pore originally was capped, by 
one of tliese globules. The part that they might play in spore discharge 
became clear from a study of their development. 



FicS'. myricaium. A,B: Spore prints formed, after dissecting out an aecsdittm, and 

layisg it down on a glass slide in a damp. chamber. The print was photographed and the diagram 
mad* .bom the photograph. Some of the spores were shot out distances equal to about lOo tini,e3 the 
dian3,eter ef the spore. The^-' itiight have been thrown 'farther if the aecldium had been placed some- 
what above the glass support. C: Outline of spores showing comparative sizes and numbers of plugs 
that still remained aita.ched to the' spores after their fiiglit. 

M'aterial for a cytological study of the bayberry rust was obtained by 
cutting out small pieces of leaf or stem bearing young aecidia and 
fixing them in Fletnmiiig^s fluid. The triple stain ,' differentiates . very 
well the structures with' which w’e are particularly concerned'., 

B'etween the lowest spore cell being cut off from the basal cell and' the 
outermost 'Spore which is fully m.ature and is about, to be discharged', 
there exists a number of s|x>res.in all stages of „d,eveIopmeGt (fig. 2). 
These, spore "diains 'are clearly prismatic' in cross-section,, because they 
/'are,,' tinder strong pressure, not only .from the sides but from below as 
,' well, and the .individual spores and intercalary cells are more or less 
angular in outline. ' Spores in adjacent chains' .are cut off at different 
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levels so that no two spores have exactly the same shape as they exist 
imder these pressures. Only one layer can be made out in the wall of 
the youngest spore in the chain. Beginning ' with about the fourth 
spore from the base, d,iffereiitiation of the wall into three distinct 
layers can be obsen^ed. The outer and inner -ayers are very thin, 
while the middle layer is somewhat thickened, '^ore formation begins 
at about this stage. All of the spore wall takes a deep orange G stain 
except that region where the pore will later be found. This part becomes 
considerably thickened, remains slightly separated from the rest of the 
“exospore'' and takes a brilliant gentian violet stain: the older the 
spore the larger and more easily distinguished becomes the violet-stained 
portion, which for convenience may be referred to as a “ plug." It is very 
■much flattened (fig. 3); its thickness is only about" half its diameter. 
Viewed edgewise it appears to be made up of striae similar to the lines 
in the walls of the peridial cells. At least it is not homogeneous in its 
structure. Viewed flatwise it seems to be composed of wedge-shaped 
segments placed edge to 
edge. The prevailing 
shape of the fully formed 
plug is that of a basin or 
a hatter’s block (fig. 3, 

B). The WTiter’s con- 
ception of the mechanics 
of spore discharge fol- 
lows. 

Theaecidium is slightly 
contracted where it comes 
in contact with the lower 
epidermis of the leaf, or 
if not, the effect is the 
same because the epi- 
dermis offers more resist- 
ance to the forces of ex- 
pansion developed by 
the growing sorus than 
do the cells of the meso- 
phyll. "^Th^ spore walls 
are highly elastic so that 
at the spot opposite each 
plug tlie adjacent wall is much • indented (fig. 3, A). As the maturing 
spores are being pushed upward new adjustments are brought about as 
the spores slide by one another over .the separating plugs. While the 
‘ shape of a spore under pressure is ver}^ irregular, it loses its angularity 
as soon as it is forced past the level of tihe epidermis so that' these 
confining pressures are removed. The parts indented by the plugs 
spring back into place. The reaction of the walls of other spores touch- 
ing this one is such as to violently expel the spore from the cup. 

A section of a young aecidium is shown in figure 2, the layers of cells 
surrounding the aecidium being shown diagrammatically. . ■ The outlines 
of peridial cells, spores, and pore plugs were traced with the aid of a camera 
lucida. The unshaded spores in the' upper part of the aecidium have 
no cytoplasmic contents. They are degenerating and by so doing may 
supply mucilaginous substances which by swelling assist in rupturing the 



Fig. 2. — G. myricativm. Section of young aecMiuni. (See text for 
further explanation.) 
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epidermis. The shading in this figure is simply to indicate cytoplasmic 
contents. The open spaces shown in this section are clearly due tO' 
shrinkage in fixation. If the aecidiutn were open and the degenerated 
spores cleared away, the spore just below X would be in a position to 
be shot out with considerable force. 

Ever}^' spore is at first interlocked with its neighbors through the 
plugs indenting their walls and because the spore walls are rough or 
finely w'arted. ""At first the system only gradually moves out of the state 
of equilibrium. New adjustments are continually taking place until one 
spore is forced into 'the critical position necessary before it can be set 
free. 

The correctness of the above explanation of the mechatdsm by means 
of which the aeeidiospores of G. myricaiimi are ejected from the sori 
with such velocity can be demonstrated by the use of tennis balls and 
marbles. Confine the balls under pressure from all sides, except from 



Fig, m-}ifkatum. A: Section of three adjacent spores showing pc«re plugs as they lie in the' spaces 

which will become the genn pores. Note that the wall of the adjacent spore is indented in each case» 
and that the ping is' covered on the outer and inner sides by very thin membranes. B: Section of a young 
spore parallel to the surface of the leaf. Two pore pltigs and the edge of a third show in the section; 
one ping in an, adjacent spore. C: Sectaon of young spore with two large plugs. The indentations are 
due to side .pressures and not ' to shrinkage. B, E show shrinkage of spore conte.nts away 
from the wall. Material preserved in alcohol several years before imbedding. F: .Surface viev/ of pore 
plugs, showing that these bodies do not have a homogeneous structure. G, H: Position, of pore plugs 
in dry mounts from herbariiiin sx>ecirnens. .1; Germ spore as it appears after dislodging the pore plugs 

above, with marbles thrust in between them where they touch. By 
gradually iucreasiug the pressure from the sides the balls become more 
and more compressed but remain in position. Now if pressure is applied 
to. one of the balls from below -.it gradually , moves up until the resultant 
of' forces is such as to overcome the friction between the balls and be- 
tween them and the marbles, and the ball will be liberated and suddenly 
shot 'Upward. If the convexed bottom of a well chosen tin pan is pressed 
inward .it 'wilT remain concave- until -set in motion by a slight pressure,, 
or by warming the p,aii. The bottom. moves out slowly at first until the 
c,ritkal , po.sition is .reached, when it. will suddenly complete the return 
with m,uch noise. ' By placing. two- .such --pans together,; bottom to bot- 
tom, one will be thrown, upward violently, especially , if the two bottoms 
in contact suddenly beco'me convexed at the same time. The -conidium 
of Empma grylii is thrown off violently .on the same principle. The two 
elastic membran^ between the . -spore' and, its support suddenly' become 
■ convex^. In this case the little -'eolumdila ' may in reality function the 
same as the pore plug does- in the Myriea rust, namely, as a protuberance 
against whidi the elastic membrane of -.the spore can react all the more 



Mar. 8, 1924 Aecidiospore Discharge in Relation to Spore Wall 753 


strongly. Similarly, a tennis ball compressed over a marble on a table 
will be thrown farther upward when Idle confining pressure is suddenly 
removed than it will be if compressed against the table alone with the 
same force, and then released. 

Very little work has been done on aecidiospore discharge, so that it is 
impossible to explain tlie necesssity for any special device for insuring 
that the spores be ejected forcibly from the aecidium as soon as they 
mature. The aecidiospores of a great number of rusts are provided with 
germ pores and it is not unlikely that in some of the species the spores 
are thro\ra out with considerable velocity. It is conceivable that in 
some cases this would be of decided advantage to the rust. In the rust 
on M3rrica most of the aecidia develop on the under side of the leaves (5). 
If the spores dropped out of the cup as soon as mature, the^^ could be 
borne away by the wind just as well as if they had been shot out a short 
distance. On the other hand, these spores are rather short-lived and as 
they are somewhat waxy they w^ould tend to cling or mass together in 
the cup and fall out in clumps as do the spores of the short-cycled orange- 
rust of Rubus (4). The aecidiospores of this blackberry rust develop 
sporidia on promycelia as they germinate, functioning as teleutospores. 
It is an unreported fact that these spores frequently germinate during 
wet weather or on warm dewy nights as they hang together in masses on 
the under side of the leaves. The spores are particular^ fitted to function 
in this way by developing a waxy coating which holds them together. 
Sporidia developed on the under side of the leaves a few feet from the 
ground would be much more likely to be borne away by air currents 
than would the hea^^y aecidiospores themselves. 

The aecidiospores from roesteliae of other Gynmospor.angia are cer- 
tainly not discharged with violence. The writer's-attention has not been 
attracted to any such persistent plugs developed in pore formation in 
roesteliae examined- In G. claDariae forme where the germ pores are 
large and distinct from the first, the method of pore formation approaches 
that of pollen grains of geranium as described by Strasburger. In 
place of a thickened lid covering the pore, a granular substance is extruded 
which at first has the shape of a plug. It takes the orange G faintly and 
connects with tlie spore contents. The outer portion of the extruded 
mass is • certainly not very different from the substance forming the 
thickenings on the exospore, but as the spore approaches maturity it is 
reabsorbed or withdrawn. The aecidiospores of this species, whidi are 
comparatively long-lived, collect in large quantities in the cancellate 
peridia and are allowed to escape through the hygroscopic action of the 
peridial cells. 

A beautiful example of modification of the coating of the exospore to, 
’better adapt the aecidiospore for proper distribution is found in connection, 
with the orange-rusts on blackberry. There can be no question that the 
two orange-rusts are very closely related. 'The preponderance of evidence, 
is that the short-c3^cled rust has been or is being derived from the long- 
c^^cled form. The aecidiospores of the latter should' be distributed 
widely so ' as to bring about numbe,rs of sporophytic infections in new 
regions. This large and irregular Gymnoconia aecidium is of the caeoma 
type and as the spores are not provided with germ pore plugs it is difficult 
to imagine how the spores can be so confined under pressure as to be dis- 
charged at maturity in any w.ay comparable to the method worked out in 
the case of the bayberryrust. Nevertheless when we examine blackberry 
leaves bearing the long-cycled orange-rust, we find that these aecidiospores 
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are also being discharged \?ith considerable violence. If a- Petri dish 
containing a thin layer of agar is inverted and a leaf bearing aecidla is 
placed in the cover so that the surface of the leaf which is covered with 
aecidia faces upward, it can be proved that the spores are frequently 
tlirown vertical!}^ to a distance of 4 or 5 mm. or more. Many spores 
not hitting the agar, or if so, not sticking, fall back on the leaf or 
on the glass at some distance. Further study of the mechanics of 
spore discharge by the orange-rust will certainly prove interesting. 
These spores are not very waxy and tend to fall out of the sori soon after 
maturity, and they can stand a certain amount of drying. There is, 
however, enough wax on the exospore to insure that many of the spores 
as they fall ' will stick , to the other leaves of the plant ' on which they 
were originally developed. By this compromise we find that teleutospores 
are comnioniy developed on the original host plant as well as on plants 
some distance away. The waxy coating is more highly developed on 
the aecidiospores of tlie short-cycled orange-rust, and as noted previously, 
this tends to hold the spores together in the sorus on the leaves well 
above the ground. Germinating in this position the resulting sporidia, 
wrell adapted for dispersal by air currents, begin their flight from an 
elevated position. The teleutospores of Puccinia malvacearum germi- 
nate in the ■ sori as they hang on the living leaves, as soon as they are 
mature. 

If one desires to infect a root shoot of a blackberry with the short- 
cycled orange-rust, he ■will be more successful if he sows sporidia on the 
shoot. If he sows aecidiospores he will be less successful; one reason for 
this may be that the sporidia which are to produce the infection are dis- 
charged from the promycelia with sufficient force to carry them away 
from the very place wffiere they should come to rest if infection is to be 
obtained. 

Hot all of the aecidia of the bayberry rust are borne on the under side 
of the leaves. In many cases the ends of young branches and the fruit 
buds are covered with them so that the cups open out in all directions. 
This is ' especially true of the rust, on, the “sweet- fern/’ Comptonia, 
where tlie burlike fruits and entire terminal parts of certain branches 
attacked. The leaves bearing aecidia are also contorted and coiled 
into a form resembling that of a ram’s horn (4). " Such -locations bring 
the aecidia into positions unfavorable .for spore discharge unless the spores 
are stated off with an initial impulse. ■ . Without entering into an exteii- 
-sive discu-ssion, of formation of germ pores in. other types of spores, 
it may be interesting to note that -Strasburger and offiers have studied 
p-ore formation in the walls of pollen grains of several species of plants, 
and, further that there are ho,mologies and analogies between the pore 
plugs described above and germ pore lids in certain pollen grains. 

Strasburger (<?) in Ms well-known work on the structure and growth of 
-cel,I meinbranes describes the development of the walls and germ pores 
of several different kinds of pollen. Two layers are differentiated; the' 
outer layer is .referred to as 'the exinium, .or exine, which is commonly 
-called the exospore. An inner layer Strasburger identifies by the terms 
iiitiniii.m- Of intine (endospore). ■ In.the geranium (S) -(fig. 27-38), .thick- 
ening of the outer , wall of .the pollen.: grain .does not, occur at certain 
points. These thin places. '-in,,,. the "wall, are the - germ pores. ■ ' Due to 
pressure from within, some, of-the cytoplasmic contents of the cell along 
with some M the endospore, are forced through, the germ pores and - form 
papillae. The ^ gT-anulm“ contents become, lined up in -striae and stain 
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brown at first, then blue, with iodin. While in this condition the 
papillae superficially resemble very closely the striated germ pore plugs 
of the Myrica rust being considered here; they are of an entirely different 
■origin and not to be compared, except as to location, with respect to the 
germ pores. The lids or caps which cover the germ pores in Cucurblta 
pollen (Strasburger (8), fig. 77-84) are more nearly analogous because 
the lids are developed out of the exospore layer. Had the caps developed 
beneath and not out of the oripnal cell wall, they could be said to be 
homologous to the exospore thickenings of aecidiospores and of zygo- 
spores of the Mucoraceae. 

Vuillemin (9) who studied the development of the walls of zygospores 
of Sporodinia and other Mucoraceae, recognizes five different layers or 
membranes. The innermost layer is composed of a granular matrix. 
The next part of the wall is referred to as Ihe cartilaginous layer. This 
is bordered by a middle, thin membrane. The fourth layer is usually 
heavily carbonized and developed into characteristic warts or spines. 
Surrounding the young zygospore is, the thin membrane, originally the 
primitive wall of the progametes. 

Dangeard (a) features the two membranes which are easily separated. 
The exospore, war ted and carbonized, originates as a separate cone- 
shaped thickening beneath the thin outer membrane. The endospore is 
the thick layer within which follows the undulations of the exospore. 
Lendner (6), Moreau (7), and others studying zygospore formation also 
show that in several species the warts or thickenings originate as separate 
cone or dome shaped structures in a matrix and by lateral extention fuse 
together to form the firm carbonized layer of the spore wall Without 
lies the primitive membrane of the garnet angia; within there remains a 
separable membrane of considerable thickness in contact with the cyto- 
plasmic contents of the zygospore. Disregarding the outer thin layer 
of the young spore wall which is usually not to be distinguished in the 
mature ■ spore, the two remaining layers are refe.rred to as “exospore” 
and ‘ ‘ endospore' ' . 

The pore plugs in the aecidiospore of the bayberry^ rust develop in the 
matrix or layer out of which the thick wmrty or echinulate exospore is 
formed but outside of this heavy wall, what the writer has interpreted 
as the thin primitive membrane of the spore wall can be seen if the 
'Spore cells are plasmolized. The inner membrane then also becomes 
visible. 

As noted above, Dietel has shown that sporidia from certain teleuto- 
spores are sometimes projected 0.6 to 0.8 mm. The writer has made no 
attempt to learn just how far a spore can be thrown as it is discharged 
from die aecidium. The spore print (fig. i) shows that every spore is 
forcibly expelled; there is always a clear space around the mouth of 
the -cup where no spores have fallen. Not many spores are projected 
a distance of over one hundred times their diameter when an aecidium 
is laid directly on a glass. As the diameter of an aecidium is only a few 
times that of a spore, it can be seen that a spore has not long to fall 
before it 'hits the glass. Spores shot from aecidia growing horizontally 
on buds or coiled leaves would certainly be scattered much farther and 
more efficiently if they were given an initial horizontal velocity. 

Germ pores of certain teleutospores are very commonly figured as 
being covered by very delicately bounded papillae. Structures like the 
papillae in the geranium pollen represent in part extruded cell sap (A 
cell contents. The pore plugs are persistent morphological structuref 
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which often cling tO' the spores very firmly. Such bodies can be found on 
the aecidiospores of the Myrica rust in any good herbarium specimen. 
Regardless of the actual mechanics of the dischai'ge in this case^ the 
spore in its flight no doubt follows closely the sporabolic curve described 
by Buller for the Basidiomycetes, so that beyond a certain and definite 
limit it probably makes little difference so far as the length of its hori- 
zontal flight is concerned, how high above the glass slide the aecidium is 
supported in the experiment referred to. The spore is shot off with a 
ver}^ great horizontal velocity which carries it almost straight out for a 
certain distance. Because of air resistance it then takes an abrupt turn 
and falls straight down unless carried away by currents, 

LITERATURE CITED 

(ij ButLER, A. H. R, 

1909-22. RESEARCHES ON FUNGI. 2 V., illus. Ivondou, New York [etc.] 

(2) DangEaru,, P. a. 

1906. EES MUcoRiNi^ES. Botaniste, ser. 9, p. 227-252. 

(3) BlETEL, P. 

1912. UEBER DIE ABSCHLEUDERUNG DER SPORIDIEN BEI DEN UREDINEEN. Jm 
Mycal. CentbL, Bd. i, p. 355““359- ' 

(4) Bodge, B. O. 

1923. A NEW TYPE OP ORANGE-RUST ON bdacxbErry. In Jour. Agt. Research, 

' V. 25, p. 491-494. 

(5) — ^ and Adams, J. F. 

1917. NOTES RELATING TO THE OYMNOSPORANGIA ON MYRICA AND COMPTONIa-V. 
In Mycnogia, v. 9, p. 23-29, pL 2-3. Literature cited, p. 28-29. 

(6) Lendner, a. 

190S. LES MUCORiNEES DE LA SUISSE.' X90 p., illiis., 3 pi. Berne. Biblio- 
grapMe, p. 163-171. 

(7) Moreau, F. ' 

1913. RSCHERCHES SUR LA REPRODUCTION DES MUCORINEES ET DE QUBLaUES 
AUTRES ThallophyteS- 136 p,, 14 pi. . Foitiers. Index bibliographique, 
p. 129-136. 

(8) Str.\sburge:r, E. 

1882. UEBER DEN BAU UNO DAS WASCHSTHUH DER ZELLHAUTE. 264 p., 8 pL 
Jena. 

(9) VuiLLEMlN, P. 

1903. .RECHERCHES MORPHOLOGIQUES ET MORPHOGENIQUES SUR LA MEMBRANE 
DE3 2YS03?aaEL Bn!. S^c.'Sii. Yati^y, s&r, 3, t. p. 239-267, 4 pi. 



hastening the coloration of lemons^ 

By F. B. Denny 

Associate Chemist, Laboratory of Fruit and Vegetable Chemistry, Bureau of Ckemistry> 
U nited States Department of A griculture 

INTRODUCTION 

Lemons are picked not only according' to color, but also according to 
size. Thus all fruits that have become, yellow on the tree are picked, 
and in addition those with a green color if they have reached a certain 
size as determined by a wire ring carried by the picker. As a result,' 
when lemons reach the packing house a proportion, which varies with 
the field and with the season, is green in color. Such fruits are sorted 
into light green and dark green grades, and the yellow color is subse- 
quently brought out by one of two general methods, the choice of method 
depending upon market conditions, that is, the time at which the house 
manager wishes to have the fruit ready for shipment. 

If a delay in shipment is desirable, the green lemons are placed in 
storerooms, usually in a basement, at a temperature of from 50° to 
F., with a humidity of about 80 per cent. The fruit becomes yellow 
in from 30 to 60 days. 

If, however, the demand for fruit is brisk, the “forced coloring’' 
method is used. This system has been much improved since its intro- 
duction many years ago. According to the original procedure, the 
fruit is placed in rooms or tents heated with kerosene stoves, with the 
result that the lemons turn yellow in one or two weeks. A source of 
humidity is often, although not always, provided to prevent shrinkage. 

It was thought that the coloration was brought about by the tempera- 
ture and humidity conditions in the heated rooms, but Sievers and 
True (17)® conclusively showed that the results were produced mainly 
by the gaseous combustion products from the kerosene stoves. Their 
experiments showed further that the gases did not lose their effective- 
ness by being conveyed from one room to another by pipes, using either 
forced or natural draft. Hence the more general method now in use 
consists in generating the kerosene-stove combustion products, hereafter 
referred to as “stove gas,'' in a separate building, called a generator 
room, and carrying the gases through conduits to the various fruit 
rooms. 

Answers to a questionnaire sent to packing-house managers showed a 
general lack of agreement on most of the important details of operation. 
Uniformity in color and qualit3^ of fruit was not obtained, and it seemed 
impossible to fix upon any standardized procedure as being the one 
that gave the best results. This condition probably 'was due to the 
fact that no one knew what gas or gases in the sweat-room atmosphere 
caused the change. Since this seemed to be the critical question, experi- 
ments were started to determine if possible the identity of the gaseous 
constituent responsible for the coloration of the fruit. 
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EFFECT OF GASES ON COLORATION OF LEMONS AS DETECTED BY 
STANDARD ANALYTICAL METHODS 

STOVE GAS 

No analyses of the combustion products from kerosene stoves were 
found in the literature. Analysis of samples taken from the air above 
the burning flame showed: Carbon dioxid (COg), 0.73 per, cent, 0.63 per 
cent; oxygen (Oo), 20.01 per cent, 19.94 cent; no unsaturated gases; 
and carbon monoxid (CO), 0.48 per cent, 0.05 per cent. Analysis of 
samples of ordinary air, using the same apparatus and reagents, gave: 
Carbon dioxid (C62), 0.0 per cent, 0.04 per cent; oxygen (O2), 21.04 
per cent, 21.11 per cent; no unsaturated gases; and no carbon monox|d 
(CO). The oxygen percentages were, of course, too high, but no attempt 
was made to determine the cause. The data indicated that it was not 
feasible to search for the effective gas by ordinary gas-analytical methods. 

automobile exhaust gas 

Sievers and True (17) pointed out that the exhaust gas from automo- 
bile engines can color lemons. The composition of this gas has been 
very carefully determined {8, 2) . Emphasis was laid upon completeness 
of combustion, however, because of its importance from the standpoint 
of fuel economy, and upon the quantity of carbon monoxid formed, 
because of its toxicity to man. The other gases present were not sorted 
out individually but were listed as heavy hydrocarbons, unsaturated 
gases, illuminants (CjjHjji), etc. ■ . 

SWEAT«R00M ATMOSPHER& 

S. A. Weirman, formerly of the laboratory of fruit and vegetable chemis- 
try, United States Department of Agriculture, analyzed many samples 
of air taken from various sweat rooms in which fruit was being colored 
by kerosene stove gas. The quantities of carbon dioxid varied from 
o- 1 per cent to about 1.5 per cent, in one case reaching 4.9 per cent. The 
oxygen content was generally about 18.6 per cent. Carbon monoxid 
in small quantities was found in some samples. Less than one-third of 
the samples showed tlie presence of heav3^ hydrocarbons, the greatest 
quantity being 0.25 per cent. 

CARBON MONOXID AND CARBON DIOXID 

The two gases among the combustion products , positively identified 
by' these ' methods are carbon monoxid and carbon dioxid. Carbon 
dioxid in a wide range of concentration was tried by Weirman, but it' 
failed to produce the desired result.' He found also that carbon monoxid 
in high concentration did not induce coloring. Later experiments, 
however, have shown that weaker concentrations are effective. Eight 
per cent of carbon monoxid caused coloration in about " one week, even 
with gas that had been bubbled through bromin water tO' remove um 
saturated hydrocarbons. , . However, i per cent of carbon monoxid was' 
ineffective, only, a slight change resulting, and one part of carbon monoxid 
in . i','€>oo parts of ■ air gave ■ no^ detectable change. 

' ' Therefore carbon monoxid is not the effective constituent, since concen- 
trations of this gas sufficient to produce, coloring would cause the death of 



Mar, 8, 2924 


759 


Hastening the Coloration of Lemons 


iniman beings in a few minutes. Such concentrations do. not exist in 
commercial sweat rooms. 

BI^FECT OF GASFS DFTFJCTED BY SPECIAL METHODS 

A Stream of stove gas was ^bubbled through Pettenkofer tubes, some 
filled with lo per cent potassium hydroxid solution and some with dis- 
tilled water. After about three days the solutions were poured out and 
the liquids were tested for various substances. 

A portion of the aqueous solution obtained in this way was tested for 
formaldehyde by the Rimini test (jy, p, 8§), The result was positive. 
Indeed, formaldehyde caused lemons to turn yellow, but the color was 
too brassy, and sunken spots formed in the rind wherever drops of vapor 
condensed. A similar result was obtained with acetaldehyde. 

The solution of potassium hydroxid through which the stove gas had 
bubbled was tested for nitric oxid by the method described by Dennis 
(5, p. 218). A distinctly positive test was given. Nitric oxid, gen- 
erated from sheet copper, potassium nitrate, and concentrated sulphuric 
acid were applied to green lemons in desiccators. None of the lemons 
turned yellow, but some of them showed surface injuries. 

The water and potassium hydroxid absorptions were also tested for the 
presence of phenols by Scott’s method (j 6). A positive test was ob- 
tained. The vapor from phenol turned green lemons yellow in about 
six days and no blemishes were caused. However, it did not seem 
possible to make any practical application of this fact. 

Stove gas was bubbled through Pettenkofer tubes containing solutions 
of ammoniacal and of neutral silver nitrate. A small quantity of a pre- 
cipitate, probably silver acetylide, was formed. On adding acid, this 
decomposed, giving off a gas with an odor of acetylene. Acetylene 
from a commercial cylinder at a concentration of i to i,ooo was effective 
in bringing about coloration. Since commercial acetylene is said to con- 
tain traces of other gases, however, acetylene of greater- purity was pre- 
pared by treating eSiylene dibromid with alcoholic potash {14, p. 84). 
The gas generated in this way caused no change in the coloration of lemons 
after exposure for seven days to concentrations of i to 100, i to 1,000, 
and 1 to 50,000. Hence the coloration obtained by the use of com- 
mercial acetylene is thought to have been caused by the impurities 
present and not by the acetylene itself. 

REMOVAL OF EFFECTIVE CONSTITUENT FROM STOVE OAS BY 

ABSORBENTS 

Since the effective ' constituent seemed to be present in the stove gas' 
in low concentrations only, an effort was made to absorb this trace by- 
reagents. In tlie apparatus devised for this work (fig. i) , a current of gas 
from the stove was drawn through the system by reduced pressure at S, 
the reduction being equivalent to about 7 inches of water below atmos- 
pheric. ' By a stopcock at C, ' bubbles from 3 to 4 mm. in diameter were 
made to follow one another in rapid succession up the ' tube in which 
they were washed by the absorbing liquid. From 7 to. 1.0 seconds were 
required for a bubble to travel the length of the tube. 

It can not be stated that complete absorption took place, since, for 
the complete removal of a gas -by a liquid, shaking for several min- 
utes is often recommended. ' When solid-absorbing' reagents, were used 
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they were placed in straight glass'tubes, 4 to 5 feet long and 3/4 to i 
inch ill diameter. If necessary, gas-washing bottles were inserted at 
If’B, the first iilled with the proper liquid to remove any vapors carried 
over the absorption tubes and the second to keep the gas saturated with 
water vapor. The residual gas tlien passed into the desiccators contain- 
ing gTeeti lemons. In order to permit a conclusion as to the effect of 
the absorbing substances,' two control lots were provided. One was a 
similar lot of fruit treated with a stream of unabsorbed stove gas, and 
the other was a desiccator of green fruit aerated each day with outdoor 
air, receiving no gaseous treatment. 

The following solid reagents did not remove the effective constituents 
from tiie s'tove gas: Granular calcium chlorid, soda lime, activated char- 
coal, and silica gel. Complete removal, however, was obtained by 
means of liopcalite (9, p, no). Stove gas dried by calcium chlorid and 
passed tlirougli a small tube containing about 25 gm. of granular 
liopcalite was no longer capable of inducing coloration of green lemons. 
This reagent is noted for its ability to oxidize carbon monoxid, but the 
firm manufacturing it states that not only carbon monoxid but many 
other oxidizable gases are acted upon by it. 



The follo'wing liquid-absorbing reagents did not completely remove 
the effective constituent from stove gas : Water, concentrated sulphuric 
acid, 50 per cent potassium hydroxid, 0.75 per cent, potassium per- 
manganate, 10 per cent silver nitrate, and saturated aqueous solution of 
mercuric acetate. 

When the stove gas was bubbled through saturated bromin water and 
when the bromin vapor was removed by dilute sodium hydroxid, how- 
ever, the residual gas did not color green lemons. This result suggested 
'the desirability of testing the effect of unsaturated gases such as ethylene. 

PRELIMINARY LABORATORY EXPERIMENTS WITH ETHYLENE IN 
LOW CONCENTRATIONS 

In the' preliininary experiments ethylene was generated by dropping 
ethyl alcohol upon phosphoric acid as described by Doubt (6). WTien 
it was found that etliylene could be bought as a compressed gas in steel 
cylinders, most of the experiments 'were conducted with gas from this 
source. An analysis of gas from the cylinder showed that 97.7 per cent 
by volume was absorbed by bromin water. 

, For 'testing the effect upon green fruit of.ethydene at low 'Concentra- 
tions, gas.' from " the cylinder was diluted with air to make ethylene-air 
mixtures of 5 per cent, i per cent, o.i per cent, 0.05 per cent, and 0,01 
per-cent. Green fruits, the number varying from 6 to 24, were placed in 
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large glass or metal vessels with a capacity of from 2,500 to 50,000 cc. 
Allowance being made for the voltime occupied by the fruit, gas from the 
stock ethylene-air mixtures was added from ^ a gas burette in sufficient 
quantities (ustially 10 to 50 cc.) tO' give the desired concentration of 
ethylene in the atmosphere surrounding the fruit. This was done 
once or twice daily. The vessels containing the fruit' were aerated by 
outdoor air for purposes of ventilation before the gas was added. Control 
lots consisting of fruit receiving treatment with outdoor air only. were 
provided in each experiment. The. following proportions by volume of 
ethylene to air were tried; i to 1,000; i to 5,000; i to 10,000; i to 50,000; 
I to 100,000; I to 200,000;. I to 250,000; I to 500,000; I to 1,000,000; 
I to 2,000,000; and I to 5,000,000. 

In all cases coloratio,n of green lemons resulted. The effect was not 
in proportion to the concentration. Concentrations from i to 1,000 to 
I to 200,000 produced approximately the same effects., coloring the lemons 
in fro.m 5 to 8 days. Concentrations donm to i to 2,000,000 
were somewhat’ less effective, requiring i or 2 days longer. Con- 
centi'ations of i to 5,000,000 required about 14 days, indicating that 
this concentration represents the highest dilution at which coloration is 
markedly hastened. 

The effect of etliylene was further checked in one case by bubbling 
the gas-air mixture through bromin water before permitting it to come 
in contact with th.e fruit. In this case coloration did not result. 

EXPBRIM.ENTS WITH ETHYEENH UNDER COMI^IERCIAL CONDITIONS 

EFFECTS OF ETHYEENE AND OF STOVE GAS " ■ 

Forty-eight boxes of dark-green lemons, di\dded into two equal lots, 
were placed in two large sweat rooms of commercial size (about 6,600 
cubic feet), provided by a California citrus association. In one room a 
kerosene stove was burned throughout the experiment in a manner 
identical with present commercial practice. Into the otlier ethylene 
was measured, out from the cylinder through a gas meter. Twenty-five 
applications of the gas were made at intervals of six hours, a total of 
48,55 cubic feet being liberated into the room. At first the air was 
stirred with a.n electric fan to distribute the ethylene, but later this was 
discontinued, being unnecessary. The temperatures and humidities of 
the two rooms were kept the same by close attention and hand regula' 
tion, heat equal to that formed by the kerosene stove being provided . for 
the second room by means of hot-water coils near the walls of the room. 
The temperature ranged from, 60° to 65° F., and the humidity from 80 
to 90 per cent. The fruit in both' rooms colored in eight days and no dif- 
ference in the two lots could be noted, either with respect, to the color 
developed or to the commercial quality of the finished product. 

method of measuring and affdying the gas 

It was neither convenient nor accurate to measure the gas from the 
cylinder with a' gas meter, but the .apparatus shown in. figure,' 2 ■ was ■ 
satisfactory in every respect for this purpose. 4 is,' the^ cylinder of com. 
pressed ethylene, and B is an empty cylinder capable of" withstandin 
pressures up to 50 pounds. B serves as a “measuring cylinder/*' C is ,a 
'pressure gauge, reading in pounds per square inch. ■ It is desirable .to 
83798—24 4 
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place a pet cock between the gauge and the meastiriiig tank in order to 
protect the gauge from the sudden increase in pressure when tlie gas is 
released from the ethylene cylinder. D is the rubber hose outlet. To 
measure gas with the apparatus, valve E is closed and valve F is opened. 
As ethylene is forced over into F, the reading on the pressure gauge 
rises. Tf F is now closed and E opened, gas is released from the cylinder 
and the pressure-gauge reading falls. After a few such operations F,, 
of course, becomes filled with pure ethylene gas at atmospheric pressure. 
Gauge readings were calibrated by collecting and measuring the re- 
leased gas. In this particular case a reading of lo pounds was equiva- 
lent to I cubic foot of gas. 

C The measuring apparatus 

was mounted on a wheel 
truck for convenience in 
gassing the various rooms 
or experimental lots of 
fruit. 

EFFECT OF TEMPERA- 
TURE ON 'RATE OF 
COLORATION 

Three of the large rooms 
previously mentioned were 
used in this experiment, 
the first being kept at 78® 
to 83*^ F. (average, 82 °F.), 
the second at 64° to 69° F. 
(average, 68 ° F.), and the 
third at 5 2 ° to 60° F. (aver- 
57° F-)- Heat was 
furnished by an automatic 
hot-water heater in the 
hallway in tlie basement. 
The hot water circulated 
in pipes attached to the 
side walls of the rooms and 
the' temperature was regu- 
lated by a valve in the hot- 
water pipe line. Moisture 
for humidifying the rooms 
was produced by means of 
large atomizers operated 
by compressed air, which gave a very fine mist. S'Cventy-two boxes of 
green lemons, divided into three equal. lots, were placed in the rooms. 
Every six hours i cubic foot of ethylene from the cylinder was meas- 
ured out into each room,. 

The fruit in the room at 82° F. colored up in 4 days, that at 68 ° F. 
in 5 days, and that at 57° F. in g }4 days. In all lots,' the color was good, 
in tli,e room at 57® F. the buttons 'were firmer and less discolored than 
thoS'C of the fruit in the other rooms. " 

i The effect of high'tt* and lower temperature, was tested in the laboratory 
,Mth small , quantities ' of fruit. "At a ■ temperature of 45° F, and with 
ethyleii'e of a i to, 1,000 concentration, nO' development of color took 



Fig. 5. — Apparatus for rneastiriiig ethvlene from cylmder. 
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place in lo days. In an incubator at 93° F. and witb ethylene of a, 1 
to 10,000 concentration, coloration took place in 9 days, but the color 
was not as well developed as with a similar lot of fruit held at a tempera- 
ture of 68° to 72° F. Thus a low temperature practically' inhibited 
coloration and a high temperature reduced the rate. 

EFFECT OF REDUCING THE NUMBER OF GAS APPLICATIONS 

In the first experiments in commercial rooms, gas applications were 
made four times a day. More than two a day would be inconvenient in 
practical work. Accordingly, about half a carload of green lemons, 
representing boxes of fruit from several groves, were placed in a sweat 
room and one cubic foot of ethylene was released into the room twice 
daily. For the purpose of ventilating the fruit, once daily, just before 
a gas application, the ventilator and doors were opened for one hour, 
and air was drawn into the room by means of an electric fan. The 
temperature of the room during the experiment was 68° to 73° F. (aver- 
age, 70°). The humidity was 75 to 90 per cent (average, 81 per cent). 

The different lots of fruit in the room colored at different rates. The 
first lot was removed at the end of 4. days, and other lots at the end of 
6, 7, and 8 days. One lot was not completely colored at the end of 10 
days. The color and condition of the fruit at the end of the experiment 
were satisfactory. It is not known what concentrations of ethylene 
existed in the room during the experimental period, since no method of 
estimating ethylene in such low concentrations was found. After 
liberation of the gas diffusion losses at once began. The extent of these 
losses could not be determined, but data in an unsigned article (i) 
regarding air exchange in a closed room indicate that they would be 
large. The experiment, however, showed that two applications of gas 
a day were sufficient to induce coloring. 

COLORING FRUIT IN TENTS 

Fruit was not placed in a special room, but the boxes were stacked in 
mi open hallway and covered with two thicknesses of ordinary cotton 
tent canvas, such as is used in fumigating with hydrocyanic acid gas. 
Four times daily the outlet hose from the cylinder was pushed under the 
edge of the tent and ethylene was admitted to make a concentration of 
ethylene amounting to i part in 250. This lot was exposed to the 
temperature of the outdoor air and varied from 50° to 76° F.,'with an 
average of 58°. 

At the end of 10 days the fruit wasTull yellow. The color was slightly 
paler and more attractive than that of similar fruit colored in regular 
sweat rooms. It appeared that the tent covering retained the gas 'well 
enough to permit coloring to proceed in a satisfactory manner. 

CONDITIONS PREVENTING OR RETARDING RATE OF COLORING 
HIGH concentrations OF ETHYLENE 

Earge bottles 'were filled with a gas mixture consisting of 80 per cent 
ethylene and 20 per cent oxygen by volume. ' By water displacement, a 
supply of gas was pushed over once each day into desiccators containing 
green lemons. For comparison, a second lot of fruit was treated in a 
similar way, except that the eth^dene concentration was i to 1,000. A 
third lot received no gaseous treatment but was aerated with outdoor 
air each day. At the end of 7 days, the lemons in the third (controi) 
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■lot were still green, those in the second lot (etliylene i to 1,000) were 
yellow, and those in the first lot (ethylene 80 per cent) were slightly 
more yellow than the controls but not more than one-eighth colored, 
the buttons being firm on all but one. High concentrations of ethylene 
appear to retard the rate of coloring. 

LACK OF OXYGLN 

Pure nitrogen, generated from ammonium chlorid and sodium nitrite, 
was collected over water in a 19-liter bottle. To this nitrogen ethylene 
was added to make a concentration of 0.5 per cent by By 

■water displacement this gaseous mixture was pushed over into a desic- 
cator containing green lemons. In order to remove the oxygen as com- 
pletely as possible, the bottom of the desiccator was covered mth alkaline 
pwogallate,, which was also placed in wash bottles through which the 
gas was bubbled before entering the* desiccator. For comparison, 
another lot of fruit was treated in an exactly similar manner except that 
outdoor air was used instead of nitrogen and water was substituted for 
alkaline pyrogallate. Fresh quantities of gas were pushed over into the 
desiccators each day. The control lot was colored yellow at the end of 
eight days but the lot receiving no oxygen remained green. A duplicate 
experiment, using i per cent of ethylene, gave similar results. Oxygen 
appears to be necessary for coloring. 

EFFECT OF ETHYLENE AND OF STOVE GAS UPON RESPIRATION OF 

LEMONS 

The experiments showing that coloration was prevented or interfered 
with b}’ high and low tem-peratures and by high concentrations of 
ethylene, that it was favored by intermediate temperatures, and required 
oxygen, indicated- tliat coloring was hastened by conditions that were 
favorable tO' the life processes of the fruit. Furthermore, whenever ethy- 
lene or S'tove gas was used, coloration was accompanied by the loss or loos- 
ening of the buttons (cahuc and a portion of the clipped fruit stem). The 
cells at the absciss layer were greatly increased in size, that is, growih and 
enlargement had taken place. In many cases there was an extrusion of 
tissue just below tlie buttons, a condition similar to that described by 
Doubt ( 6 ) and others. If ethylene and stove gas induce coloration by a 
stimulation of the growth of the cells, or by increasing the.ir life activity, 
tlie respiration of the treated fruit should be increased. 

Ethylene in concentrations of 1 to 1,000 and i to 1,000,000 markedly 
increased the carbon dioxid output, the percentage increases ranging 
fro^iii 100 per cent to about 250 per cent.^ A comparison was made of 
the effect of ethylene and of stove gas upon the respiration of lemons. 
Six lemons, placed in each of six desiccators, received the following 
treatment :■ 

Lo/s A and B, — A current of stove gas was drawn tlirough the desic- 
cators for six hours each day. The desiccators were then closed and 
placed in an incubator at 25° C. until half past 8 o'clock the following 
morning. : 

Lai C. — Ethylene to make a concentration of i to 10,000 was added 
twice each day, after thorough' ■aeration in outdoor air. The ■desiccator 
wm. then 'placed in tlie incubator simultaneously with lots A and B. 


■■; .■^■■DS'MSir, F. ,E. THE EEFBCT OF B'THYLBNE tJPON THE RESPIRATIOH OF I,EMONS. - 'In Bot. Gaz. Not 
■y«t' fmbtidieci. 
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Lot D . — Same treatment as lot C, except that the concentration of 
ethylene was i to 200,000. 

Lois E and F. — These control lots received no gaseous treatment but 
in other respects were handled in the same way as lots C and D. 

Every other day the fruit was removed from the desiccators and 
aerated for one-half hour. The air in the desiccators was forced out by 
filling them with water, the fruit was replaced, and a current of air was 
aspirated through the system for hours, the carbon dioxid being 
absorbed in barium hydroxid solution. From the data thus obtained 
the number of milligrams of carbon dioxid per kilogram per hour was 
calculated. The results are shown in Table I and graphically in figure 3. 



Fig. 3.— Effect of stove gas and of ethjj’Iene on respiration of lemons. 


The respiration was increased by both ethylene and stove gas, the per- 
centage increase being from 150 to 250 per cent. No essential difference' 
between ethylene and stove gas with respect to the increase in respiration 
was shown. Further experiments are needed to decide this point. 


Table I . — Effect of ethylene and of stove gas upon respiration of Unions 


^ 'Weight 

Treatment. 

■ Rate of respiration. 

Start. 

Second 

day. 

Fourth 

day. 

Sixth 

day. 

Eighth 

day. 

Gm, 

A ' 707 

B 699 i 

C ; 69S ; 

B : 640 1 

El 658 1 

F : 693 

Stove gas 

Ethylene, i to^ 10,000. , . . 
EtliSdeiie, i to 200,000... 
Control. ' 

MiUign 

12.3 

II. 2 

10.5 

11.3 

la I 

S 

’,m.s of carba 
15. I 

24.3 

21, 0 
IS* 4 
, ,7.1 

9. 1 

n dioxid per 

34.9 
■' 28. 6 
; 2 , 2 . 0 
. 29. 8, 
10 . I 

8.7 

■ 

kihgram 
26. 4 
24. 8 
41, I 
28. 8, 
10. I 
12. 5 

£f hour, 

', 3 S.S 
25. 8 
„ 30. G 
. 32 . 9 
10. I 
9. 6' 
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I? FTHYLHXF PRESENT IN THE COMBUSTION PRODUCTS OF 
KEROSENE STOVES? 

Xo delicate specific qualitative test for eth^dene in a mixture of gases 
was found, Aii attempt was made to isolate ethylene from stove gas 
by bubbling it tlirougli bromin water. This was done for periods of 6 
to lo da5’S, about seven hours a day, on three difierent occasions, the 
absorbing tube being snrrotmded by ice in one case. Xo detectable 
quantity of bromid wns obtained. It is believed, however, that ethyl- 
ene, if present in stove gas, occurs tliere only in traces. If so, it would 
be diflicult to detect it in this way. Thus, on the basis that 15 gm* 
of etlr3:’’lene dibroniid would be needed for the identification tests, if 
ethylene were present at a concentration of i to 1,000, it would be iieces- 
sary to bubble stove gas through bromin for 24 hours a day for about 
iS J'i dru^s. At a concentration of i to 10,000 about six months would be 
requhed. 

Aside from the fact that ethylene and stove gas produce similar 
effects upon, green fruit, there are other reasons for believing that ethyl- 
ene is present in stove gas. Ethylene has been found among gases that 
are produced in the cracking of petroleum (jj). Denig (4) obtained 
ethylene as one of the products of the decomposition of kerosene by heat. 
According to Eldred and Mersereau (7), ethylene is produced by heating 
kerosene vapor under certain conditions. Lewes (10) states that ethyl- 
ene is “found as one of the products in nearly all cases where organic 
compounds are subjected to distillation at high temperatures. ’ ' A further 
fact pointing to the same conclusion was obtained when, in attempting 
to remove oxygen from stove gas by phosphorus, the phosphorus would 
not burn. White (19) states that “ a fraction of a tenth of a per cent of 
ethylene will completely prevent the reaction betw^een phosphorus and 
oxygen. 


ETHYLENE FROM THE PRACTICAL STANDPOINT 

ExPLosnie AND anesthetic properties 

The sources, chemical behavior, physical constants, and important 
commercial uses of ethylene are discussed fully by Curme (y) and by 
Malisoff and 'Egloff (jj). In connection with the experim'ents here 
reported two properties of the gas need to be discussed: 

(c) T^Tien ethylene is mixed with air in proportions above 3 per cent 
by volume and below 30 per cent by volume, the mixture may be ex- 
ploded by igpniition., In liberating ethylene from the cylinder into a room 
containing fruit to be colored, however, explosive concentrations are not 
reached. To reach such proportions in a room of carload capacity, say 
3,5cx> cubic feet, it would be necessarv^ to liberate about 100 cubic feet of 
ethylene, or about one-third of the entire contents of a full cylinder. 
The lowest explosive concentration is at least 100 times as^ strong as the 
strongest application of gas needed for successful coloration. 

(b) LucMiardt and Carter (la) have found that, , ardmals, including 
Irnman beings, can be anesthetized by ethylene at a concentration of So 
per cent ethylene and 20 per cent oxygen. The effectiveness, ho-wever, 
decreases rapidly 'with decreasing, concentration. Thus Smith and 
.Hoskins were unable to anesthetize or injure a mouse with 72.5 per 
cent ethylene and 27.5, per cent oxygen by exposure for one hour. The 
writer has .freely brea&ed the pure gas as it comes from, the cylinder and 
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r.D- ren^amecl in the room for at least an hour after liberating a charge of 
.. j? :sid at no time has he noted any physiological effects. The concen- 
tra Jons necessary to produce anesthesia are about 800 to 8^000 times as 
strong as those recommended for coloring lemons. 

COST Oif BTHYLBNE TRBAT3 ^IBI?vTS 

One cylinder of etliylene holds about 320 cubic feet of the gas at ordi- 
narr pressure and temperature. At present prices, the gas costs about 
3 1 J cents per cubic foot, exclusive of the transportation charges and the 
value of the cylinder, which can be returned to the manufacturer for 
refilling. The cost of gas for coloring a carload of fruit should not exceed 
a dollar, 

HFfECT OF MISCEhhANBOUS GASES AND VAPORS UPON THE COEORA- 
XION OF GREEN LEMONS 

During the course of the experiments, the effect of many substances 
upon green lemons was tried. A surprising!}" large number caused 
}'elIowirig of the fruit, but in most cases no practical application of the 
fact could be found, either because of injur}^ to the fruit, expense of the 
reagent, its poisonous character, etc., or because the color developed was 
not the bright lemon yellow desired in commercial practice. 

Among file substances that induced coloring but caused injury were 
paracresol, p}Tidin, ethyl but}Trate, methyl amin, bromin, formalde- 
hyde, acetaldehyde, chlorin, amyl nitrite, formic acid, nitric acid, and 
benzine. Substances causing coloration in strong concentrations but not 
in low concentrations were acetic acid, hydrochloric acid, trichlorethylene, 
and amyl acetate. Substances producing fairly good color without 
injur}?' were gasoline, phenol, and chloral hydrate. Substances producing 
slight effects or none were calcium hypochlorite, hydroxylamin-hydro- 
chlorid acid, alphanaphthylamin, guaiacol, sulphanilic acid, salicylic 
acid, benzoic acid, trimethylethylene, kerosene, turpentine, asphaltum, 
and ethyl ether. Methyl dilorid from a commercial cylinder at a con- 
centration of I to 1,000 caused good coloration of lemons in 10 days, 
and that at a concentration of i to 100,000 caused slight coloring. In 
this case, however, it can not be stated that the methyl chlorid did not 
contain traces of ethylene. 


SUMMARY 

Some commercially mature lemons are green in color when picked. 
The desired yellow color must be secured by subsequent treatment. 

linieii forced coloring is desirable, the change from green to yellow 
is hastened by the use of the combustion gases that arise from kerosene 
stoves during the burning of kerosene. The object of the investigation 
here reported was to determine the identity of the gaseous constituent 
responsible for the coloration of the fruit. 

After the mixtoe of gases from a kerosene stove had bubbled through 
Petteiiofer tubes filled mth bromin water, the residual (unabsorbed) 
gas failed to induce coloration. This. suggested that the effective con- 
stituent iniist be among the unsaturated hydrocarbons. 

Ethylene, even in low concentrati,on, caused green lemons to turn 
yellow. Fruit colored in this way did not differ in any. detectable manner 
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from similar fruit colored in the usual way with kerosene stoves. How- 
ever, attempts to isolate ethylene from stove gas were unsuccessful. 

\l%en mixed with air in var3dng proportions by volume, concentra- 
tions of ethylene down to i to 200,000 colored lemons in 5 to 8 days. 
Concentration down to i to 2,000,000 required 6 to 10 days. The lowest 
cGncentration tried (i to 5,000,000) required about 14 days, indicating 
that this concentration represents the highest dilution at w^hich the rate 
of coloring is markedl}^" influenced. High concentrations appear to retard 
coloring, since So per cent ethylene for 7 days gave only slight coloring. 

Absence of oxygen prevented coloration of the fruit by ethylene. 

Coloration was not measiirabl}^ hastened bv etliylene at a temperature 
of 45° but the rate of coloring increased with increasing temperatures 
from 57® to 82°. A reduction in rate, however, was observed at 93°. 

Both ethylene and stove gas increased the rate of respiration of lemons. 
The carbon dioxid output was increased about 1 50 to 250 per cent. 

Ethylene is now a commcercial article and can be bought as a com- 
pressed gas in steel cylinders. Gas in measured quantities may be released, 
from the cylinder in a convenient manner and brought in contact with the 
fruit by use of an apparatus devised for the purpose. 

The effect upon green lemons of many other substances, including' 
carbon monoxid, acetylene, methyl chlorid, formaldehyde, acetalde- 
hyde, p}Tidin, amyl acetate, and chlorin, was tested. 
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nocturnal production of conidia by 

SCLEROSPORA GRAMINICOLA^ 


By WiLUAM H. Weston, Jr. 

Formerly Pathologist in Charge of Dowfiy Mildew Ifivestigaiions, Ofice of Cereal Inves- 
tigations} Bwreau of Plant Industry} United States Department of Agriculiure 


INTRODUCTION 

Wliile studying tlie two conidial Sclerosporas (S. phiiippinsnsis Weston 
aiicl S. sponianea Weston) so destructive to maize in the Philippines, the 
writer found that in these species conidia are produced only at night 
wlieii the host surface is covered with dew or other moisture. This 
iiatiirally raised the question whether S. graminicola (Sacc.) Schroet., 
the type species of the genus, exhibits the same peculiarity. The fact 
that it does and the bearing of this fact on our knowledge of the iiii- 
portaiice and relationship of the conidial stage of the species are dis- 
cussed ill the present paper. 

The genus Sclerospora was established by Schroeter (2a)- in 1S79 
on S. graniimcola} a species which since then has been found quite 
widely distributed throughout temperate and tropical parts of the 
world, principally on species of Setaria, and rarely on other Gramineae. 
In the course of its life history 5 . graminicola^ like most other Perono- 
sporales, passes through .two phases of development; The one, charac- 
terized by production of immediately germinating conidia, achieving 
rapid spread; the other, characterized by formation of resistant oospores, 
serving to insure sur\=^ival through such unfavorable conditions as winter' 
and drought. In S, graminicola the conidial stage, which usually devel- 
ops first, appearing as a whitish downy growth on the surface of chlo- 
rotic areas of the host, generally seems' to be of short duration, rela- 
tively inconspicuous, rather rare, and involves but little apparent in- 
jury to the host. As a result, this stage has not been commonly or 
abundantly collected and is represented by scanty and unsatisfactory 
herbarium material. Moreover, it has not been studied in detail. In 
species of such related genera as Piasmopara (lo, 28) and’Peronospora 
(6, 7, 8)} the conidial condition has been investigated intensively, quan- 
titative measurements have been made, restrictions of parasitism have 
been tested, and morphological aspects of all stages of development 
have been worked out minutely and illustrated fully. In S. graminicola, 
however, the conidial stage, save in such publications as those of Butler 
(2) , Kiilkarni (12), Shirai (24), et a!., has been dismissed summarily with 
brief diagnostic or morphological descriptions, few measurements, and, 
inadequate illustrations. 

On the contrary, the oosporic phase of Sclerospora graminicola which 
follows tlie conidial with a marked distortion and shredding of the leaves 
and^ floral parts of the host, is persistent, conspicuous, abundant, and 
obviously ^severely destructive to th.e host. As a result, ' it ' has been 
collected frequently and in abundance, ' and is well represented in most 

1 Aco^ted for piiblicatioti ,D«C. 14, 1333. 

* .Reference is made by atanber (itaijc) to Idteiatiire dted.” 733-^84. 
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lierbaria; wliile detailed study lias been made on the morphology {2, 12) 
and cytology (26) of its development, on comparative spore meastire- 
ments' (27)raBd on the relation to the host attacked (a, aa, 2j), 

'Since the genus was founded, nine other species have been described. 
Of these, Sclerospora macrospora Sacc. {iS), which includes S. hrie- 
geriana Magn., according to Traverso (ay), S. miscanihi T. Miyake {16), 
S. farhwii Griffiths (9), and S, nmgmmana Sorokin (35), have been 
reported as yet only in the oosporic condition. The remaining five 
species are alike in tliat: First, their conidial phase is predominant and 
destructive, the oosporic being absent or rare; second, their conidia 
geriiiinate invariably by hyphae; third, they occur in the oriental Tropics 
and on members of the tribes Maydeae and Andropogoneae. They are thus 
ill contrast to the type species, S. gramiinicola, which is destructive and 
predominant in its oosporic condition, which typically produces zoospores 
in coiiidiiiin germination, and which- is of world-wide distribution, 
mostly on members of the Paniceae. 

'While investigating two of the conidial Sclerosporas of the Orient, 
namely, S. philippmensis and S. spontanea^ species exceedingly de- 
structive to maize in the Philippine Islands, the writer (29, jo) found 
that in both, conidia were produced on the leaves of the infected plants 
only at night when they were covered with a layer of dew. On dewy 
nights, from about midnight to dawn, the innumerable successively 
emerging conidiopliores formed a conspicuous and luxuriant growth of 
grayish down, and furnished abundant living material in ail stages of 
development, quite different from the scanty remains, killed and de- 
formed by drying, tliat persisted for collection or study during the 
following day. This nocturnal conidiophore production proved to be a 
very fixed and diaracteristic process in S. philippimnsis Weston-' and 
S. spontanea \'\^€Ston. Examination of the publications of other 
investigators suggested strongly that this condition holds also in the 
other conidial Sclerosporas of maize, and- related crops in the Orient, 
namely, S, javanica Palm (17) of Java, S., timydw (Rac.) Butl. (5) of 
"India, and S. sacchari T. Miyake (id) of Formosa. Indeed, in the case 
of the last species, which has been introduced recently into the Philippines 
(ij, ji), tliere is now no doubt that conidium production is nocturnal, 
as material collected, at intervals during the night and sent to the writer 
through the cooperation of H,. Atherton Lee, of the Bureau of Science in 
Manila, shows this to , be true. 

PRODUCTION OF CONIDIA IN SCLEROSPORA GR^^MINICOLA 

Whether the type species, Sclerospora graminicola, also produces its-,' 
conidia only at night is a question that naturally presents itself, in 
view of, the fact that th,i'S species differs in the several respects already 
noted from the conidial Sclerosporas of the Orient which show’' this 
peculiarity. Opportunity to investigate this point occurred while the 
writer was attending the summer conference of cereal pathologists at the 
University of ' Minnesota' in 1920. On, the grounds of the College of 
Agriculture, not too far from the plant pathology laboratory 'which Dean 
Freeman and Doctor Stakm-an very generously made available -for night 
work, were "found several plants of Seiaria mndw,(L 0 '' ,Beauv.' O'bviously 
infected with ,th,€ conidial stage of Sclerospora graminicoh. 

^ The fact that the tissue of these plants was p-ervaded extensively by 
vigorotis 'mycelium , of the parasite, and' the 'leaf surface was marked by 
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whitish patches of shriveled conidiophores persisting on the leaves from 
previous productive nights, indicated that the plants were still support- 
ing conidiophore formation under favorable conditions. Frequent care- 
ful inspection of these plants throughout the day of July 23, however, 
-sho\Y€d conclusively that^ during this daytime at least, no conidiophore 
production took place. Accordingly, in the late afternoon, the plants 
were prepared for night study by removing from the leaves all remnants 
of previous conidiophore production by carefully scrubbing the surface 
with moist cotton swabs.’ That night, beginning at about 8 p. m., irhen 
dev7 deposition commenced, the plants were examined at hourly inter-- 
vals and were found, indeed, to produce conidiophores in abundance. 

By cutting free-hand sections of li\dng, infected leaves, stripping off 
bits "of epidermis, macerating pieces of tissue, and carefully scraping off 
the down of conidiophores as it developed, the process of conidiophore 
emergence and conidium production through the night was followed 
■step by step in detail. After production had ceased, as the plants dried 
off in "the early morning of the next day, periodic examination of the 
plants was continued until afternoon; and this again brought out the 
fact that no conidiophores were produced during the day. The fact 
that in Sclerospora graminicola conidium formation does indeed occur 
at night was established by these observations ; but in order to supplement 
them, as they extended over two days and one night only, the most 
vigorous of tlie infected Setaria plants were transplanted to Washington, 
D. C., where they w'ere studied further. 

The process of conidiophore production involves, as tlie writer found 
in the conidial Philippine Sclerosporas, the following phases: The pre- 
liminary paling of the leaf areas which are to bear conidia, the quantity 
of conidia produced on such areas, the length of time this production 
may go on night after night, the importance of moisture in inducing 
conidiophore production, the development of conidiophores and conidia 
thus induced, and the nightly schedule follow^ed by this development. 
The wTiter did not have opportunity to work out in detail these several 
points for S. graminicola as he did in the Philippine Sclerosporas, but 
studied chiefly the development of the conidiophores and conidia, the 
nightly schedule followed by this development, and its dependence on 
dew or similar moisture. The results of this study follow. 

'-i 

development of the conidiophores 

The conidiophores of Sclerospora graminicola develop from the infected 
Setaria leaves only through the stomata, a large proportion of which may 
be productive. Consequently, conidiophore production is usually more 
abundant from the under surface of the leaf where stomata are more 
niiinerous, although this abundance-is dependent also , on other ■ factors 
such as the amount and distribution of dew on the leaf and the length 
of time successive nocturnal production from the plant has gone on. 
Beneath stomata from which conidiophores are to emerge, the air cham- 
ber is filled with stout, irregularly lobed, densely granular, mycelial 
branches closely crowded together (PL i, A, B), arising from the ■ less 
conspicuous mycelial strands running between the mesophyll, cells. ' From 
'these substomatal knots, prolongations push through' the stomata! slit 
over which they form a compact group of' several minute .bulbous out- 
growths. In some cases there is evidence that the stomatal slit, normally 
closed at night, is forcibly pushed open by these' emerging branches 
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(PI. ij G~F). The bulbous outgrowths next elongate severally to 
cliib-sliaped stalks which project perpendicularly from the leaf surface 
and grow rapidly larger (PL i, G, H). At its swollen apex, each of these 
produces successively the two to four stout primary branches (PL i, I-K) ; 
while from tliese latter similarly arise the secondary branches (PL i , L- 0 ) , 
In like manner, successive series of branches develop until eventually the 
more or less extensive, usual!}' dichotomous, branch system is complete, 
and tlie ultimate tips terminate in tapering sterigmata (PL 2, A). The 
very apex of each sterigma, beginning as a small globular swelling 
(PL 2, B-E), enlarges gradually, until finally it attains the shape and size 
of the mature conidium (PL 2, F), which then is separated from the neck 
of the sterigma by a wall. 

Obviousl}^ the development of the conidiophores and conidia in 
Sclerospora gmmmicQia as just outlined, agrees very closely in its several 
stages with that alreadj’’ established for S. philippinensis and S', span- 
iama. Moreover, S. grmnmicola apparently agrees with these Philippine 
species in the way in which its conidia are shed. While studying the 
Philippine species, the wviter became convinced tliat the conidia do not fall 
passively from the sterigmata as has been assumed, but ratlier are forcibly 
snapped o,f! when the outbulging of the opposed walls of the basal apiculiis 
of the conidium and of the sterigma tip suddenly overcomes the adhesion of 
their contiguous surfaces. This point has not been settled for 5 . gram-ini- 
cola; but such indications as the outbulging of the formerly flatly apposed 
walls of the sterigma tip and conidium base when released, lead to the 
conclusion that the species resembles those of the Philippines in this 
respect also, 

DEPENDENCE ON NOCTURNAL MOISTURE 

The process of conidiophore development in Sclerospora graminicola 
adheres to a regular schedule. \^Tien the infected leaves were wet with 
dew, at about 8 p. m., the outgrowths had protruded from the stomatal 
slit at about 1 1 p. m., and the first conidiophores and conidia were mature 
at approximately 2 a. m,, while others which had begun to develop mean- 
while, matured successively, so that production continued, reaching its 
greatest abundance at perhaps 3 a, m., and only ceasing when the dew 
dried from the leaves in the morning sun. This nightly schedule agrees 
very closely with that found in ' 5 . philippmensis and Sc spontanea (ja) 
under conditions of dew' deposition normally obtaining in the 
Philippines, 

Conidiophore production in S. graminicola, as in the Philippine species, 
is vitally dependent on the presence and persistence of dew or other 
'moisture on the leaves. Infected Setaria plants that were kept dry dur- ' 
ing the night never showed conidiophore formation even though their 
leaves 'were obviously thoroughly invaded by vigorous mycelium, while 
similar ■ plants exposed to dew supported abundant conidiophore pro- 
duction, After the leaf surface of infected plants had been wet w,ith 
dew for about five hours, production began; if the moisture dried off 
premat'iirely, produ'ction coincidentally ceased; if moisture persisted un- 
duly into the inoming, production was thus much prolonged. As, in the 
.'Philippine Sclerosporas also, ..comdimn, .production in, S. graminicola is 
"very sensitive in its response to moisture ch,anges, so much so that, when 
studied at, the University of 'Minnesota, the Setaria plants in such' differ- 
ent localities as 'in a glade among trees, at the edge of, a wood on a small 
hiU, and in 'an: 'Open lot, showed' slight, variations. in'. their schedule of 
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cosidiopliore production as a result of local differences in amount or 
time of devr deposition. 

How long Sclerospora graminicola may continue nocturnally producing 
conidia on infected Setaria plants, how tolerant of this continued pro- 
duction the host may be, and how much of its life span may be taken up 
bv the conidium-forming period of the fungus, are points which, in this 
case, were not worked out in detail as they had been for the Philippine 
Sclerosporas (32). In one case, however, even though the transplanted 
Setarias grew very poorly, one plant showed intermittent conidiophore 
formation for more than tw’O weehs. Also, in the field, there is abundant 
evidence tliat the period of conidium production continues much longer 
than this, even extending over as great a proportion nf the total life of 
the host as did the Sclerosporas studied by the witer (32) on maize 
in the Philippines. 

A study of large numbers of S.-graminicola-iTiiected Setaria plants 
of various ages in tlie fields near the College of Agriculture at St. Paul, 
Minn., showed the progress of the disease to be as follows: Production of 
conidia begins on newly unfolding leaves in symptomaticall}^ chlorotic 
streaks which, by their extent and' position even in very young plants, 
indicate a fundamental systemic infection starting in the young seedling 
and giving rise to thorough and extensive invasion of the host tissue. 
The production of conidia continues during each favorable night on these 
earlier leaves, and also continually starts up afresh on leaves successively 
appearing. Gradually, as the host matures, conidiophore formation from 
the host surface is superseded hj the development of oogonia on the 
intram, a trical myeelium, beginning in the lower, first unfolded, older 
leaves, and working slowly upward. The uppermost, latest, and youngest 
leaves are the last to be affected, and may continue abundant conidi- 
ophore production until the head, usually deformed, sterile, and vires- 
cent, is full grovm. Finally, however, even these ultimate leaves also 
are given over to oogonium formation, and show the shredding of tissue 
whidi marks the maturit}?’ of the oogonia! phase of the fungus. 

'The conidia! stage of Sclerospora graminicola, because its relation to 
nocturnal moisture has not been understood, has been considered from 
the time of Schroeter to the present as fleeting, transitory, fugacious, and 
evanescent. Now, however, that we know flie period of conidium pro- 
duction may be^ of relatively long duration, we must alter our conception 
of the evanescence of the conidia! stage. It is fugacious in the sense 
that conidiophore production takes place for only a few hours during 
the night'; but it is decidedly persistent in the sense that this production 
may go on night after night throughout a large proportion of the total 
life of the hos't. 

CONIDI AL SCLEROSPORA GRAMINICOLA COMPARED TOOTHER SPECIES 

Material of the conidiophores and conidia oi Sclerospora graminicola 
gathered thus at night during the period of optimum conidiophore 
production is infinitely more satisfactory for study than the dried and 
shriveled' remnants W’^hich. persist from previous nights and ' may be 
collected during tlie day. Consequently, such, material gives a somewhat 
broader conception of the character of the species than -that which, we 
gain from the usual descriptions and figures based on dried materiak 
and also permits a more adequate comparison . with the conidiophores 
and conidia of other species. 
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CONIDIOPHORES 

In the case of the conidiophores, for example, a study of optimum 
nocturnal material shows clearly that the conidiophores are larger, more 
extensively branched, and structurally more complex and elaborate, than 
most of the illustrations and descriptions indicate. The first description 
of the conidial stage of this species was published by Schroeter (22) and 
the first illustrations were showm by Fischer (5, fig, 71) . Together these 
present a vivid characterization of the conidiophores as decidedly short 
(about looju} and thick (about 12 fi) with few stubby branches bearing a 
relatively small number of conidia (about 15). No appreciable departure 
from this characterization is found in the publications by such subse- 
quent investigators in Europe as Berlese (r), j^Ialbranche and Letendre 
(14), Massee (15, pi. j 6), Saccardo (19), et a!.; or such in America as 
Saunders (ai, pL i6, fig, 4), Farlow^ (4), Wilson (33), etaL; or in India 
as Butler (a, fig, 6, 7), and Kulkarni (12, fig. 1-3). In Japan, how- 
ever, Shirai (24, fig. lo, 17) described the conidiophores as much larger 
(100 to 240/1 by 12 to 19/x) and with a somewhat more elaborate branching 
system,; but the fact that he found conidia of two strangely different 
size-classes (24 to 28. 8 m by 16.8 to 19.2/1, and 38.4 to 57.6/1 by 19.2 to 
24 m) arouses the suspicion that he was not dealing with S, graminicola 
alone, and to. some extent invalidates his characterization of the species. 

The wTiter, after studying the conidiophores of Scleras pof a graminicola 
in the progressive stages of their development under optimum co,nditioii5 
at night, is convinced that the descriptions and drawings of the investi- 
gators just mentioiied are based on nontypical, poorly developed speci- 
mens, the last belated stragglers of the nocturnal p,roduction, caught by 
tlie morning sun before they had developed conidia, and dried to a con- 
dition still less typical and favorable for study. In contrast to such 
dried specimens, material scraped from Setaria leaves at the time of 
optimum nocturnal production shows conidiophores that are much 
large ,r and better developed than we had b€e,a led to believe characteristic 
of S. graminicola, and w^ich approximate, in this respect, those of such 
liixu,riaiit species as the coiiidi.al Sclerosporas of the Orient. If, for 
example, one compares the accompanying figures of S. graminicola (PL 
2, I, K, 0 ) with those of S. spontanea (30, pi. 79, fig. * 4 ), and S. philips 
pmensiS' (29, pL 24, fig- 0 , pL 25, fig. B) all of which are of ver}^ nearly 
the same magnification, it is obrious that they show a general resemblance 
which is not even suggested by previous illustrations. 

After comparing them carefully, however, the writer finds that even 
the largest and most elaborate conidiophores of S. graminicola diner 
markedly in certain essential features from the conidiophores of such 
oriental species as S. philippimnsis and S. spontanea. 

First, the total length in these Philippine species is as a rule much 
greater (260 to 400/1) than in the case of S. grammicola, even the most 
luxuriant nocturnal material of which has a length of about 150M with 
occasional extremes as low as loo/t €)r as high as 200/1- 

■Second, the branching system also shows differences which are much 
more qualitative and absolute than are mere distinctions in size. In the 
Philippine species,, for example, usually three, sometimes two o.r four, 
primar}?', branches of approximately equal size and extent of development 
al spread' out .at angles of about ■'45® or less from the main axis in v.ery 
close succession; and all are. of equal r.ank— no one of them' being either in 
direetion, position, or extent of growth more to be considered a continua- 
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tion of the maiii axis than any other. As a result of this also^ the conidia 
arising from the branch tips are arranged approximately in a hollow 
hemisphere. In S. graminicola, on the contrar}^, one of the primary 
brandies stands out more or less obviously as a continuation of the main 
axis (PL 2, I, K, L, O, Q) both in direction and in extent of growth. 
From this continuation of the main axis other main and secondar}^ 
brandies grow out at irregular intervals, usually at angles of 45° to 90°. 
As a result, the conidia at the ends of the branches lie more frequently 
in irregularly disposed groups (PL 2, I, K, L, P) than in an approxi- 
mate hemisphere (PI. 2, O, Q). 

Third, the sterigmata of 5 . graminicola, as a rule, are shorter and more 
broadlv bottle or tenpin shaped (PL 2, N, T, V, W) than are those 
of the’ Philippine Sclerosporas. The shape, however, is somewhat de- 
pendent on position, single sterigmata at the tips of the branches (PL 2 , 
U) being more elongate than those borne in groups of two, three, 
or four '(PL 2, T, J, W). Moreover, the sterigmata, which in the 
Philippine Sclerosporas almost invariably continue the direction of the 
branch tip that bears them, may stand out from the branch tip even at 
right angles in S. graminicola (PL 2, I, J, L). Finally, the lower 
part of the conidiophore of 5 *. graminicola is not usually marked off by 
a cross wall into a basal cell or foot ceil that is distinct from the superior 
portion of the main axis. Occasionally such basal cells are encountered 
(Pi. 2, K, X, Y); but this condition is the exception; and hence is 
in distinct contrast to the Philippine species in which it is a character- 
istic feature. Occasionally, also, the base is distinguished by an incom- 
plete transverse septum (PL 2, K) or by a decided thickening of its 
longitudinal wall (PL 2, A, P, Z). 

All these distinctions — size of the conidiophores, character and extent 
of the branch system, form and direction of the sterigmata, and extent 
of septation or thickening at the base of the main axis — are matters of 
degree which should be expressed quantitatively to facilitate compari- 
sons. Yet, even when considered as qualitative differences, they show 
clearly that the conidiophores of 5 . graminicolu^ though they may approxi- 
mate those of such typically conidial oriental forms as S. pMUppinensis 
and S. spontanea in luxuriance and general appearance, are indeed dis- 
tinct from them. 

CONIDIA 

It is the conidia themselves, however, that are the most distinguishing 
feature' of Sclerospora graminicola. These bodies differ markedly from 
those of other Sclerosporas in size, shape, structure, and germination. 
The size of the conidia varies, and for adequate presentation requires 
quantitative , expression based on measurements of large numbers of 
conidia. ^ Moreover, to be ideally satisfactory the conidia should be caught 
on the slide in dew when snapped off from the conidiophores at maturity 
and measured at once. Unfortunately, the writer was not able in this 
case to make all the measurements, under these ideal conditions as he did 
for the Philippine Sclerospora^. Rather, most of the measurements were 
made from material scraped from abundantly productive leaves at 3 a. m., 
then killed by Fiemming*s weaker solution, ,and mounted in dilute glyc- 
erin and eosin. A comparison of measurements made thus mth ' the rela- 
tively few which the writer had opportunity to make from fresh material 
indicates that if all the measurements had been made under ideal con- 
ditions the modes of length and of ’ diameter probably would have been 
83798—24 5 
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increased by one 2/1 class (from 18 to 20M and from 14 to i6/x). With this 
probable correction in' mind, however, the 400 measurements here pre- 
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Taels I . — Measurements ^ and ratios of length to diameter of 400 coiiidia {200s porangia) 
of ScUrospora graminicola arranged in she and ratio classes 


Length. 

Diameter. 

i Ratio, lengtli to 'diameter* 

Classes. j 

Num- 
ber of 
conidia . 
in 400, ' 

i Classes. i 

1 

1 j 

Num- 
ber of 
! conidia i 
in 400. 

i i 

I Ratio classes. 

Ntun- ; 
ber of 1 
conidia I 
in 4C0, 

p \ 


P- 

i 

j 


II to 12. 9 i 

1 

' 9 to 10. 9 

I I 

1 0. 95 to I. 04 ' 

I 1 

13 to 14. 9 ■ 

25 

i II to 12. 9 

1 III 

} I. 05 to I. 14 

31 I 

,15 to 16. 9 i 

67 i 

i 13 to 14. 9 : 

i 162 

1 I. 15 to I. 24 

75 j 

17 to iS. 9 

II9 : 

15 to 16. 9 

92 , 

1 I. 25 to I. 34 

" i 

19 to 20. 9 > 

89 

17 to 18. 9 

30 : 

1 I. 35 to I. 44 

92 f 

21 to 22, 9 1 

5 ^ 

i 19 to 20. 9 

4 1 

I. 45 to I. 54 

46 1 

: 23 to 24. 9 ! 

22 



I. 55 to I. 64 

1 25 1 

25 to 26. 9 

10 



I. 65 to I. 74 

‘ 9 i 

27 to 28. 9 ; 

6 



I. 75 to I. 84 

; .6 

29 to 3a 9 i 

I i 





31 to 32. 9 : 

I 1 

i 

1 



33 to 34. 9 : 

2 i 


i 

i 1 



From the measiiremeiits presented above in graphic and tabular form, 
it is obvious that, although conidia are encountered which measure from 
12 to 34ju in length and 10 to 20/x in diameter, the greater proportion of 
them are between 16 and 22^ long by 12 to i6ju in diameter. These 
measurements present an interesting comparison to those previously 
recorded for S. graminicola. In Europe, Schroeter (aj, p. 1x5) gave the 
size of the conidia as 20ju long by 15 to i8/i wide, while Saccardo (ip), 
apparently using scanty and immature material, first recorded 12 to 
by 10 to and later (ao, p. 2^8) modified this to 12 to 20/i by 10 to 
iS p, to include Schroeter's figures. Others, such as Malbranche and 
Letendre (14), Fischer (5, p.437), and Berlese (i, v. 9, p. 70) followed these 
two without making original measurements themselves. . In the United 
States, Saunders (ai, p, 38) is apparently the only one to give original 
measurements, 18 to 20p by 13 to the others, from Farlow (4) to 
Wilson (jj), following Schroeter and Saccardo. In the Orient, Butler 
(a) gave 22 to 30/i by 12 to i6p and Kulkarni (12) 19 to 31111 by i6to 21 p 
for S. graminicola in India; w’-hile Shirai {24) for Japan, gave 24 to 28.8ju by 
16.S to 19.21X for the usual size, 'but made the startling statement that at 
times giant conidia, 3S.5 to SJ.Sp by .19.2 to 24^, occurred. Although no 
exact comparison can be made with inclusive, limiting, nonquantitative 
measurements such as these, there seems to be a fair agreement between 
the European and United States figures and those of the_wTiter. ' .The 
measurements" from the Orient apparently show’- a consistently ' greater 
length; but w^hether this indicates different specialized races or merely 
greater luxuriance of growth under tropical conditions remains to be 
determined. The remarkable discrepancy, in size and shape reported by 
vSh,irai arouses. the suspicion, that he was dealing with two species, and 
demands thorough corroboration .before' this_ larger size is, included as a 
connect measurement for S. graminicola. 

In shape, the conidia vary considerably, ranging from subsph erica! 
through ovoid and obovoid to ellipsoid, iemon-shaped, and .rounded” 



jSo Joiirn-al of Agricultural Research yoi:xx\’ji,xo. w 


cylindric. Fully mature spores are perhaps most commonly broadly 
ellipsoid r}r~adly cylindric. A qualitative idea of the usual variations 
in form mu* L-e yaiiied from the representative conidia grouped in Plate . 
2,,M, a q'ja!iLitative idea of the relative predominance of the short, 
broad shape i- given by the ratios of length to diameter wliich are 
grouped in Table I i p. 779) end in the diagram (fig. i). 

Obviously, both in their small size and rotund shape the conidia, as 
revealed in this iioctumally collected material, mark Sclerospora gram- 
inicoia as distinct from the other conidia! Sclerosporas — ^namely, the 
typically ellipsoid, large-spored species of the Orient. Sclerospora 
javanica of Java, however, if we may judge from the 20 measurements 
given by Palm (17), has rotund conidia ranging from 22 to 26,u in length 
by 16 to 20 a in diameter, but most commonly 24 by iSa, a size so closely 
approaching that of the conidia of S. graminicola reported from Japan by 
Sliirai (24) and from India by Butler (2) and Kulkami (12) that distinc- 
tion based on conidia alone might be difficult were it not for the con- 
siderably different structure and germination of these spores. 

Tlie wall of the conidium is thin (0.5-1 R) and of cellulose save at the 
apex where, as the conidium matures, the single so-called papilla of 
dehiscence develops (PL 2, G, M, O, T). This is a specialized tip," 
approximately plano-convex in shape, although of variable thickness and 
area, and of modiiied cellulose (pectin or hemicellulose) composition. 

. At the opposite (basal) end of the conidium there persists in some cases 
an apiculus of attachment (PI. 2, G), which is merely the point at 
which the conidium was affixed to the sterigma and is not at all compar- 
able to the apical papilla. 

At germination the apical papilla of dehiscence softens and gelatinizes, 
leaving a terminal pore (PL 2, H) through which escape several 
zoospores into wffiich the granular conidium content has by then become 
differentiated. The conidium is thus in effect a zoosporangium, but 
like many other Phycomycete zoosporangia it has the potentialities of 
a conidium and may, under circumstances unfavorable to zoospore 
emergence, germinate by sending out hyphae. Under ordinary circum- 
stances, however, hyphal germination is rare, the writer having seen only 
a fe"w instances among many observations. Also, even when germinat- 
ing by hyphae, the conidia are distinguished by the presence of the apical 
papilla of dehiscence from conidia of other species of Sclerospora in 
which hyphal germination is the rule. 

The process of germination, involving as it does the maturing of the 
zoosporangium, the development of the zoospores, the formation of the 
apical papilla of dehiscence, the deliquescence of this structure, and the. 
escape and subsequent behamor of the zoospores, shows many points of 
interest which the writer hopes to work out in detail and present at a' 
later date. 

It is the conidia, then., as they appear in favorable night-collected 
material which particularly distinguish the conidial stage of Sclerospora 
graminimla. Their short, thick form, and small size, although ' relative 
characters^ are of some diagnostic value in distinguishing the species. 
The possession of an apical papilla. of dehiscence, however, is the one 
absolute distinction. By this character, and secondarily by the zoosporic 
germination which usually follows, S. graminicola, as yet, must stand as 
a unique representative of the genus. In this connection, Kulkami^s (12) 

' ' study, on this species in India is 'of especial interest. This investigator 
Jotind that., although the characteristic' oogonial stage of S. gramimmla 
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on Pcnnisekim typhoidemn Rich, and Andropogon sorghum (L.) Brot. is 
apparently the same on both hosts, the conidial stage found on the latter 
host differed markedly from the typical conidial S. graminicola which 
developed on Pennisetum. Conidia produced on .4. sorghum, by their 
distinctly stibspherical shape, absolute lack of an apical papilla of de- 
hiscence' and invariable . germination by tubes, consistently present, 
even though agreeing in size, a very decided contrast to the broadly 
elliptic, apically papillate, zoospore-forming conidia of the type. More- 
over, the brandh system of the i4ndropogon fungus was more extensive 
than that of the type, and the sterigmata reached a length of 16.3/i 
while those of the type were but 8 . 3 /x. Also, the fungi showed differences 
in their effect on the two hosts in Sie field and in their failure to produce 
cross infection. As a result, Kulkami establishes the fungus on A. 
sorghum as S. gramindcoia var. Andropogonis sorghd. 

in the opinion of the miter, this is certainly a distinct species, one 
which, aside from other differences, needs only the absolute criterion that 
its conidia lack an apical papilla of dehiscence to distinguish it without 
question from S. graminicola. It is clearly a species closely allied ‘to the 
destructive, predominantly conidial' Sclerosporas of the Orient even 
though it is apparently connected with an oogonial stage, presumably 
that of S. graminicola. Also, it promises most interesting results if 
studied intensively through numerous cross inoculations, comparative 
measurements of large numbers of conidia, and persistent efforts to 
determine whether it is or is not actually genetically connected with the 
typical S, graminicola oogonia on various hosts. Even before such an 
investigation is made, however, we are, in the writer's opinion, justified 
in regarding the apical papilla of dehiscence of the conidia of S. gramini- 
cola as a diagnostic feature of absolute value — a feature as yet confined 
to this species alone. 

GENERAL DISCUSSION 

Because it differs, in the respects which have been discussed, from all 
other known conidial members of the genus, there is the more signifi- 
cance and interest in the fact that Sclerospm'a graminicola shows the 
same main features of nocturnal conidiophore production which char- 
acterize at least three of these other conidial species. This fundamental 
agreement in behavior, together -with the general similarity in structure 
and development, is sufficient, in the opinion of the writer, to out^veigh 
the difference in germination. It seems undesirable, therefore, to estab- 
lish a new genus on the species whose conidia germinate by hyphae, at 
least until much more extensive comparative study of the several species 
has given us further basis for such a rearrangement. Within the genus, 
however, there might be advantages in following Ito's (u) suggestion' 
of establishing one subgenus, 'Eusclerospora, to include S, graminicola, 
and another, Peronosclerospora, to . comprise the species the conidia of 
which germinate directly. 

Of the Sclerosporas with known conidial stages, four species, S. philips 
pinensis, S. spontanea, S, sacchard, and S. graminicola, alike have been 
found by the writer to be characterized' by nocturnal conidiophore' pro- 
duction. It will rest with future ' investigation to justify the 'natural 
assiiinption that this feature is common' to all conidial Sclerosporas. ' It 
will rest with future investigation also to decide with finality what factor 
cr co'mbi'nation of factors is operative at night to induce conidiophore 



782 


Journal of AgricuUtiral Research 


Vol. XX VII. Xo. 10 


prodiictioia. These observations on 5. graminicola corroborate the writ- 
er's earlier decision (32), that persistent dew or other moisture on the 
infected leaves is of primar}" importance. More precise physiologic 
study probably vill sliow,, however, that the relationship is more subtle 
and complex than this would imply. 

In any ' case, now that we Imovr that Scleras par a graminicola pro- 
duces its coiiidia only at night when the infected leaves are covered with 
a layer of nioistiire, we are in a position to study the dispersal of the 
coiiidia, their relation to the dissemination of the species, and the part 
the conidi a! stage as a whole plays in the life histoiy of the iimgus; to 
investigate intensively the plwsiologic and morphologic aspects of its 
parasitism, and the immunity' or susceptibility shown bt’ more or less 
related hosts; In short, to determine facts of imniecliate. application to- 
ward the control of this destructive parasite. 


SUiVniARY 


III the peronosporaceous genus Sclerospora, oogonial and conidial 
stageS' are known. Both of these develop regularly in the type species, 
5, gfmm'nicda (Sacc.) Schroet. Of the nine remaining species four are 
known as yet only in the oosporic condition. All the other five alike are 
predominant and destructive in their conidial phase — the oogonial being 
absent or very rare ; all show germination of the conidia by h3^phae ; and 
all occur in the oriental Tropics on grasses of the tribes Maydeae and 
Andropogoneae. 

To these five conidial species, S- graminicola is apparently in distinct 
contrast; for, although it does, indeed, develop a conidial stage, the 
oogonial condition is the predominant and obviously destructive one; 
the conidia (zoosporangia) germinate by zoospores; and the distribution 
is world wide — the host plant usually being a grass of the tribe Paniceae 
(Setaria, etc.). 

Despite these differences, however, the writer finds that the conidial 
phase of Sclerospora graminicola shows certain of the same fundamental 
features of development which he. has found recently to be alwat^s present 
in three of the five typically oriental species. The first fundamental 
feature is that S. graminicola produces its conidiophores only at night 
and when the surface of the infected leaves is' covered with a layer of 
dew or similar moisture. 

The second fundamental feature is that this production of conidio- 
phores runs a well-defined course as follows: The knots of stout hyphae 
crowded' in the substomatal air chambers push out prolongations through 
the stomata! slit, and form bulbous outgrowths which elo .agate succes- 
sively to ciavate stalks; and these in turn develop at tlieir tips a more or 
less extensive branch. 'system, 'and ultimately sterigmata and conidia. 

The third fundamental feature, is that this process of conidiopliore, pro- 
duction follows a regular nocturnal schedule which is vitally dependent 
o,E the presence and persistence of dew or other moisture on the leaf 
surface. 

.The . vTitet' describes and illustrates conidiophore development in S, 
gruMinicola and compares the-sp-ecies with Si phiMppinensis and S. spon- 
tanm in. .the regularity and depend,ence _ on, moisture' of its nocturnal 
schedule. ' The fact that' conidiophore -production is' iiocturnai only, 
ta t during, the day there remain 'only rem.iiants of the, previous night's 
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crop, and that the spores and conidiophores can not survive desiccation 
explains why so little concerning the conidial stage has been known 
hitherto. 

WTien studied in a fresh condition as they form at night, the conidio- 
phores are found to be larger and much more elaborate and complex than 
one would have assumed from previous descriptions and illustrations — 
even approximating in luxuriance the conidiophores of the typically 
conidial species of the Orient. Nevertheless, S. gramiiiicola stands as 
distinct from all other species now known. Its conidiophores have cer- 
tain essentially characteristic features; while its conidia each develop an 
apical papilla of dehiscence, and hence germinate by emitting zoospores. 

The fugacit}" of the conidial stage has been overemphasized hereto- 
fore ; for, althoiigli it is fugacious in the sense that conidiophores develop 
onh" for a few hours each night, 3’et it is distinctly persistent iii that this 
development may be repeated night after night for a considerable part 
of the life of the host. 
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PLATE I - 

A, — ^tfycelximi oi Scleras para graminicoia within a portion of a cross section of a 
badh" infected Scfaria viridts leaf cut at lo p. m. The invading hyphae have pushed 
the iiiesopliyll cells apart, and knobby branches have made their way into the air 
cliainber under the stoma through which the}' 'viil grow out and give rise to conidio-' 
phores. At a, a small, bulbous liaustorium has penetrated an epidermal cell, and 
at 6 a branch of the myceliimi appears in cross section as it runs between the meso- 
phyli ceils at right angles to the section. X 455- 

B, - — A bit of’Setaria le.af like that shown in A, but more highly magnified, and 
cut in longitudinal section somewhat later at night. The inyceliuni has invaded the 
tissue more extensively, and has developed in the air chamber a crowded group of 
proliferating branches, some of which are just about to push out through the stomatal 
slit, -X 850. 

C, — Exterior view of a stoma in a piece of epidermis cut from an infected leaf of 
Setaria zdridis at midnight. A knoblike protrusion has grown out from the proliferat- 
ing branches, which are shown crowded in the substomatal air chamber in 
B r and is pushing through the partly closed stomata! slit ready to elongate into a 
comdiophore initial. 12 p. m. X 375- 

D-E. — Early stages in the development of the conidiophores of Scierospora gra?mni- 
cola from the leaves of Setaria t iridis, showing the elongation of the knoblike out- 
growths,, seen in C, into club-shaped conidiophore initials. 12 p. m. X 375. 

F. — Exterior view of a bit of the epidermis of a Setaria leaf, looking obliquely at a 
clump of 3"ouiig conidiophore initials arising from the almost obscured stoma, and show- 
ing various stages of development, from young knoblike outgrowths that have just 
emerged to older elongate stalks. At a is showm the base of a conidiophore already 
matured, and now shriveled and broken off; and, at 6, a stoma as yet uninvaded by 
the fungus. 12 p. m. X 375- 

G- 0 . — Later stages in the de%'elopment of the conidiophores, showing the formation 
of the successive series of branches (primaiyy secondary, etc.), until finalty at 0 the 
branch system is complete. 2 to 3 a. m. X 375- 

P. — bit of the upper epidermis cut from an infected Setaria leaf at 3 a. m., and 
showing, in oblique view, a maturing conidiophore. This conidiophore is an unusually 
stunted one , bearing only eight still spherical and not yet mature conidia, on a reduced 
branch s^'stem of tw^o priraar^^ branches each of which gives rise directl^^ to four sterig- 
mata and conidia. 3 a. m. X 375. 


The drawings were made with the aid of a camera iudda, and are all of Scierospora graminicoia on Setaria 
liridis. As B, C, F, and P are drawn from free-hand sections of liiriiig material cut at night in 
water, and iminiedktely killed and fixed in Flemming’s weaker solution, stained, and mounted. D, 
H, and G to q are from material carefullyscraped from productive leaves at night, and either drawn at once 
while still living, ©r drawn after being killed and mounted as were the sections. The approximate .niagni- 
fi'cation of tlie printed figure after its reduction from the original drawing is given in each case, as is alsoa 
scale with iok divisions as an absolute measure. 
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PLATE 2 

conidiophore of Sclerospora graminicola with the branch system completed 
and its tiltimate tips elongating into sterigmata which will gi\*e rise to the conidia- 
The wall at the base of the main axis is thickened into a differentiated, footlike portion. 

— Successive stages in the deveiopment of the conidia from the tips of the 
steriginata. Note that at a relatively early stage, the vrall at the tip begins to thicken 
and becomes modified into the characteristic apical papilla of dehiscence. X S50. 

G. — ilatiire, recenth' shed, conidinm with w^ell-developed papilla of dehiscence at 
its apex, and the small apiculns b}' which it was attached to the sterigiiia still per- 
sistent at the base. The content has not yet begun to divide into zoospores, but is 
still undifferentiated and granular. X S50. 

IT. — The empty wall of a conidium (i. e., zoosporangium 5 which has germinated by 
emitting zoospores through the pore left by the softening and dissolution of the terminal 
papilla of dehiscence. X 1,200. 

I. — Conidiophore at a later stage than that shown in A, noth a vigorous, well- 
dc reloped branch system which bears iS only partly developed conidia. These 
conidia are still spherical, and have not as yet developed the terminal |:japillae of 

licence. X 3 75 - 

J. — Detail of a branch tip of the three-pronged type frequently encountered (cf. 
lid. I c Note that the young conidia which are just beginning to develops from the three 
sterigmata are not of exactly the same stage of development. X boo. 

K'— A large, well-developed conidiophore which has shed all but two of its conidia. 
The branch system, shows a .somewhat extreme case of the continuing o,f the main 
axis, a characteristic of Sclerospora graminicola. An attempt has been made to show 
the detail of tlie content as it appears when the conidiophore is at this stage. An 
incomplete septation at the base delimits the basal cell which is occasionally en- 
countered in this species. X 37.5* 

L. —A still more extreme case of continuation of the main axis in the branch system 
of 'the conidiophore. X 375- 

M. — Representative conidia showing the various shapes and sizes most frequently 
eiicoimtered. Note that each has a terminal papilla of dehiscence. The content, 
which is conventionally stippled here, is shown in detail in G. X 375. 

N. — Detail view’ of two conidia still in place but already mature and about to be 
shed Ifoiii the sterigmata. X 600. 

O. — Typical, vigorous, w’ell-developed conidiophore, like that in figure 1, but 
in a later stage of development. This is shown by the maturity of its 24 conidia, 
their larger size, more rotund ellipsoidal shape, and, prominent papillae of dehiscence. 
Note the absence of any foot cell or basal thic.kening of the main axis wall. 2 a. m. 
A , 375 * 

P. — A small, stunted conidiophore. The branch system, in comparison to that of 
a typical well* developed individual such as the one shown in O, is much reduced. 
Its three primary branches give rise direct!}’ to eight sterigmata -and. conidia, 
which, however, are larger than the more numerous ones of O. Note that the wall 
of the main, axis is thickened at its base._ 3 a. m. X 375 *, 

(J. — A typical, . well-developed conidiophore which only recently has shed its 34 
conidia, as is showm by the bottle-shaped and rounded tips of its sterigmata, and by 
the beginning of tlie disintegration of its content. 3 a. m. X 375. 

R. — The shriveled and shrunken remains of such a conidiophore, which had de- 
veloped during some previous night, and had remained, dried, on the. leaf until scraped 
oti and examined during the day. X 375. 

S, — K similar, mummied conidiophore, but one more completely shrunken and 
collapsed after longer dr>dng. X 375.. 

T, — Detail of a bratich tip of the dichotomoi.is type' so frequently encountered. 
One sterigma still bears a mature conidium; while the other by its bulging, rounded 
apex shows that it has only recently discharged. ■ 

U. -“Detail of a similar branch tip with one typical, short sterigma which has already 
shed its conidi tim, and one rather unusually elongate sterigma bearing a conidium 
only partly developed, X 6oo.’ 

V. — Detail of a branch tip with six sterigmata which have a some what, uncommon 
arrmigement resembling: slightly that of the sterigmata of Bremia. , X, 600. 

W, — A branch tip of a type frequently encountered, showing four approximately 
equal prongli'ke steripnata. standing out ■ at equal distances from the club-shaped 

branch tip. X 600. ' , ■ ' . ' 

^ X-Y . — Typical ■ examples of the kind of basal ' cells occasionally found in coni- 
diopliores of Sclerospora graminicola. X 375. 

^ ^ Z .' — Bdst of a conidiophore showing the thickened 'w'all that at times marks off a 
differentiated foot portion instead of a basal cell. X 375> 


The dfkmngs ^were made -with the aid ol a camera lucida, and are all of Sclerospora graminicola on 
Sdarsa ziridjs. Figu,res H and I were drawn from living material; the others: from, material scraped from 
leaves bearing abundant conidiophores at the time ol maximum nocturnal production, and immediately 
killed, with Flemming's weaker solution, stained — j-'. - ” 




daily variation of the carbohydrates in the 
leaves of corn and the sorghums " 


By Edwin C. Midlejr ® 

Plant- Physiologist, Department of Botany, Kansas Agriculhiral Experiment Station 

INTRODUCTION 

111 a comparative study of the physiological functions of com {Zea 
■ mays ) and tlie sorghums {Andropogiim sorghum), it was thought advis- 
able to make some observations on the variations of the carbohydrates 
ill the leaves of these plants during a 24-hour period. It was considered 
that an}" data obtained in a study of this kind would be of value not only in 
interpreting the different behavior of tliese two types of plants when 
grown under severe climatic conditions, but also in helping to gain a 
better general knowledge of the fundamental physiological processes of 
agricultural plants. The observations reported in this paper were made 
upon plants growing at Garden City, Kans., in 1916 and 1917, and at 
Manhattan, Kans., in 1919. 


HISTORICAL 

The basis of our knowledge of the carbohydrates of the leaves was laid 
b}' Sachs (12, ij, 14)^ when he proved that the appearance of starch in 
the chloroplasts is a direct outcome of the fixation of carbon under the 
influence of sunlight and chlorophyll. He further stated that starch is 
the first visible product of carbon assimilation and that it is translocated 
from the leaves in the form of sugar. Kayser (B) found both cane sugar 
and reducing sugar in the leaves of the beet, grape, potato, and onion 
and succeeded in separating cane sugar in the crystalline form from the 
leaves of the grape. Girard (7) found tliat the amount of cane sugar in 
the leaves of the beet increased during the day, but that the amount of 
hexoses remained approximately constant. Schimper (jy) concluded 
that glucose formation precedes starch formation in the leaves and that 
starch is formed from glucose -when its concentration exceeds a certain 
maximum, which differs in different plants. Meyer (9) obserx-ed that 
certain plants form little or no starch in their leaves and that when 
starch is found in leaves the amount of sugar present is relatively low, 
ivhile when starch is absent the sugar content is relatively high. 
Browm and Morris' (.1) in their classical work on the carbohydrates of the 
leaves of nasturtium, considered that the dextrose and laevulose present 
in the leaves ■ are more readily accounted for as the products of the 
hydrolysis^ of cane sugar than as its precursors. On account of the relative 
amount of cane sugar found in the leaves and the manner in which it 

^ Accepted, for publication Dec. zB, 1933. Contributioii from fhe Department of Botany, Kansas Agn~ 

• Station, paper No. 207. Published with the approval of the Director. 

- Tile carboliydrate aetemmiatioiis w^ere made by the Department of Chemistry, Kansas Agriculttira! 
Expenmemt Statical, the funds for the w*ork being furnished' by the Department of Botany. Acknowl- 
•ea^mts are due Prerf. W. L. Latshaw, under whc«e supervision the chemical analyses were conducted. 

* Reference is made by number (itaik) to. " Literature dted,*" p. 807-808. ; , 
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fluctuates during the day, they concluded that it is the first sugar formed 
ill pliotosyntliesis. Strakosch (17) studied the sugars in the leaves of the 
sugar beet by niicrocheniieal methods and concluded that dextrose is the 
first sugar fornied in the mesophtdl of the leaves of this plant. Parkin 
ill) from Ills observations on the carbohydrates of the leaves of the 
snowdrop (Gakinfkiis ■nivalis) expressed the opinion that cane sugar is 
the first recogiiizabie sugar to appear in the leaves of this plant and that 
the dextrose and laeviilose rise from the inversion of ,cane sugar. He 
also found that there is more cane sugar in proportion to reducing sugars 
in the leaves during the earlier part of the growing season than during 
the latter part. Davis (5, 4, 5) and his coworkers concluded from their 
investigations of the carbohydrates of the leaves of the mangold and 
potato that cane sugar is the first sugar formed in the mesophyll of the 
leaves under the influence of chlorophyll and sunlight. They believed 
that this cane sugar is transformed into the hexoses in the veins and 
midribs of the leaves and that it is translocated to the places of storage 
in that form. They obsen^ed, as did Parkin, that in the earlier part of 
the season cane sugar is present in the leaf tissue in excess of the hexoses, 
but later in the season the reverse is true. Dixon and Mason (d) con» 
eluded from microchemical tests that hexoses are the first sugars formed 
in photosynthesis in the chloroplasts and that the comparativel}" large 
amount of cane sugar observed in chemical ana]3^ses is only a temporary 
storage product in the vacuoles of the green cells. Spoehr- (16) in his 
obseiwations 011 the seasonal variation of carbohydrates in Opuntia 
phaeacantha found that a low water content and high temperatures are as- 
sociated with an increase of polysaccharids, a decrease of monosac- 
cliarids, and an increase of pentosans, while a high water content and 
lower temperatures are associated with a decrease of -polysaccharids, an 
increase of monosaccharids, and a decrease of pentosans. Colin and 
Belval (a) could detect no carbohydrates in the leaves of the wheat plant 
except cane sugar and its hydrolytic products. Ver Hulst, Peterson and 
Fred {xS) found that the pentosans of the leaves of corn approximated 19 
per cent of the dry weight of the leaves from the time of tasseling to the 
dent stage, while the free pentoses amounted to onl}^ 0.52 per cent of the 
dr}" matter of the leaves during the same period. 

EXPERIMENTAb METHODS 
CUnTURAU METHODS 

The plants were grown under field, conditions in rows 44 inches apart. 
The com plants were thinned to a distance of 2 feet in the row and the 
sorghum plants to approximately i' foot. The soil was kept free from 
weeds by , hoeing, but no other cultivation was given. The moisture 
in the soil at the various periods of leaf sampling is given in Table L 

coeeection oe material 

With but one exception, the experi.ments .extended over a period of 24. 
hours, and the material for chemical analysis' was' collected at two-hour 
interimls during that time. ‘The three uppermost fully unfolded leaves.,., 
of the , plants furnished' tfie material in 'each case. After' the , leaves, had 
been stripped from the 'plants,, the distal 'third and the ba.sal third of each 
.leaf were discarded and the remaining portions, after'' the midribs had. 
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been removed, were ground in a food chopper. The ground material 
was immediatei}^ placed in three times its volume of 95 per cent ethyl 
alcohol and sealed in glass jars. The time required to collect the ma- 
terial ill this manner at each two-hour period approximated 15 to 20 
rninutes. At a convenient time the alcoholic material was placed in a 
hot-air oven and dried for 24 hours at a temperature of loo*^ to C. 
The material was then placed in sealed glass jars until the chemical 
determinations could be made. 

Table I. — Moisture content of the soil at the ihne of leaf sampling in igi6 and igiy at 
Garden City, Kaus., and in igig at Manhattan^ Kans. 


Date. , 

! 

; _ Percentage of moisture at a depth of- 

i 

~ 

1 

I foot. 

2 feet, i 

3 feet, t 

4 feet 1 

5 feet. 

6 feet 

Com plot: 

July 20, 1916 ’ j 

i 

10. 0 

14.7 

19.0 1 

21.9 i 

23.6 

24.2 

August I, 1916 . 1 

7-3 

II. 8 

14.0 1 

18. I 1 

21.4 

22.0 

Wilting coemcient i 

12,3 

15*9 

12.4 1 

35-0 i 

16.3 

16.4 

Milo plot: 1 






24.8 

fuly 20, 1916 

II. I 

15-4 

19.6 i 

22.2 

24. ij 

August I, 1916 

Wilting coefficient I 

^•3 

9.9 

14.6 

, 14-9 1 

20.8 

, 24.0 

12.2 

13-4 


14*3 i 

15*4 

15.6 

Corn plot: 

July 25, 1917 

' II. 2 

II. 6 

18.4 

‘ 19*3 1 

23.1 ' 

22.3 

Wilting coefficient 

: 12.6 j 

12.2. 


1 33-9 i 

16.9 

17.8 

Milo plot: 




1 ' 



July 25, 1917 

: 8.8 

18.0 

19.2 

19*7 ; 

21.6 

21.6 

Wilting coefficient 

■ 3:2.3 ’ 

15-9 ^ 

12". 4. 

15.0 

$6.3 

16.4 

Cora and sorghum plots: 

16,5 






Tulv 1*7. TOIQ 

21.6 

22.1 

21.4 

j 


J “7J . ^ ^ X . 

Wilting coefficient 



12.2 

12.5 

12 .1 

12.7 

j 



i 



ACTUAL AMOUNT OI^ CONSTITUENTS 

Since the dry weight of a green leaf fluctuates through a considerable 
range during a 24-hour period, the analyses of leaf material expressed in 
percentage of dry weight only approximates the changes that occur 
in the leaf during a given period. The changes in the various constitu- 
ents of the leaf may be followed more accurately by the determination 
of the dry weight of a unit of leaf area for each period that analyses are 
E made, and from the percentage data for that period determine the actual 
amount of the various constituents in any unit of leaf area. The dry 
iTeight of a unit of leaf area at the close of each of the two-lioiir periods 
during the experiments was determined by the method pre\doiisly de- 
scribed by the writer (10), and the amount of each of the constituents 
was expressed in grams per square. meter of leaf. 

CHEMICAL methods 

The carbohydrates were estimated according to the methods of the 
Association' of .Official Agricultural Chemists.^ In 1916 and 1917 the 
nonreducing sugars were determined by the difference betwreen the total 


^ AsaociATioK m AGRicutTX7'.RAii Chemists, . Ofeiciai. anp tentative methods op anatysi s. 

As compiled by the Committee oa Revisicm of Metbods. Revi.sed to Nov, i, tgxg. 417 p.» 18 Sg. W'ash- 
ing't.oa, D. C. 1930. Bibliographies at ends of cdbapters. 
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sugars and tlie reducing sugars, but in 1919 the nonreducing sugars were 
estimated as sucrose. In the experiments of 1917 and in the case of corn 
in 1919^ determinations were made of starch according to the official 
method of direct acid hydrolysis. In this method, however, the material 
estimated as starch includes the pentosans and other insoluble carbohy- 
drate bodies Vvhich undergo hydrolysis and conversion into reducing sugars 
on boiling with hydrochloric acid. The results, while not indicating the 
actual amount of starch, do show the increase or decrease of the complex 
carbohydrates in the leaves during a au-hour period. 

DISCUSSIOK OF EXPERIMENTAL DATA 

Three comparative experiments were conducted with Dwarf Yellow 
milo and Pride of Saline com and one with Dwarf Yellow milo and Red 
Amber sorgo. In one experiment in 1917 Dwarf Yellow milo alone was 
under observation, while in 1919 in one experiment Pride of Saline corn 
was the only plant studied. During the three years, observations were 
thus made upon 10 different sets of plants. The two kinds of plants used 
in each of the comparative experiments were of the same age and were 
grovTi in alternate rows under the same cultural conditions, so that any 
differences that are observed in the changes of carbohydrates can be 
attributed to the specific differences of the plants under consideration. 
A general description of the plants at the time the material was collected 
is given in Table III. The evaporating power of the air during the time 
the plants were under observation was measured by Livingston porous 
cup atmonieters, and the evaporation for each two-hour period during 
the time of each experiment is given in Table 11 . 

Tablis II . — Evaporation (in cubic centimeters) for the different periods of leaf sampling 
in igi6 and ipr/, at Garden City. Kans.y and in igig^ at MankaUaUf Kans. 


Evaporation for period ending— 


Date. 

A. M. 



F. 



A. M. 

: 8 

10 

12 

2 

4 6 

S 10 

13 

2 

4 

6 

■ 1916. 




i 






July 20. 4.9 

7*5 

11,8 

14.3 

14-6 13.5 

8.1 : 7.1 

2-5 

1.5 

I.O 

3.6 

Au^st I . ’ 8.5 

14*5 

17.0 

18. I 

15.3 12.8 

ft 

00 

5-5 

4.5 

3*6 

S-2 

1917. 

1 : 

I 








Jtjiy 25 2.9 

1 6.3 i 

; s.o 

^ 9-3 

9.7 ' 8.6 

8-5 4 .I 

2.7 

^“3 

1.6 

0.6 

Aupist 3 ' a . 6 

7.1 ; 

<5. ^ ' 

70.5 

i 

II . 5 II. 6 

O.Q i. . . . 


L . : 



1919. : 

I 

y 0 




i 



July 3 : ; 

6.1 ' 

9-8 

12.6 

15-0 ;iS -5 

14-5 ! 8.3 

4.0 i 

3-8 

; 2.9 

1.8 

July 17 i 

1 ' ] 

1.9 j 

i 

7.6 1 

: 9-5 , 

9.7 i 7.8 

7.1 1 4.6 

3-2 : 

2-9 

I.O 

I 

0,6 
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T.4BLB in . — General description of plants used in leaf sampling in igi6 and igiy at 
Garden City, Kans,, and in igig at Manhattan, Kans. 


Date of sampling. 

Crop. 

Height 

of 

plant. 

General remarks. 

1916. 




July 20-2 1 ..... . 

Com, Pride of Sa- 

3 

8 fully unfolded leaves. Visible wilt- 

line. 

Sorghum, Dwarf 

2 

ing II a. m. to 5 p. m.; guttation 
showing at 3 a. m. 

Plants ' booting; no visible wilting: 

kng. X-2 . 

Yellow milo. 

Corn, Pride of Sa- 

4-5 

guttation showing first at i a. m. 

12-14 leaves. Tassels just showing; 

line. 

Sorghum, Dwarf 

4 

leaves wilted from ii a. m. to 4 p. m,; 
no guttation during night. 

10-12 leaves. Plants in bloom; leaves 


Yellow milo. 

slightly wilted from 1-3 p. m.; no 
guttation during night. 

1917. 




July 25-26 

Corn, Pride of Sa- 

4 1 

10 fully unfolded leaves; leaves not 

line. 

Sorghum, Dwarf 

I 2 

wilted during day; guttation showing 
at 3 a. m. 

10 fully unfolded leaves; leaf of boot 

Aug. 3 

Yellow milo. 

Sorghum, Dwarf 

! 2-3 

showing. No wilting during the day; 
guttation heavy from midnight until 
morning. 

1 '‘Booting.’^ No wilting of leaves dur- 

July 3-4 • 

Yellow milo. 

Corn, Pride of Sa- 

5 

ing the day. 

9 fully unfolded leaves. Leaves not 

July 17-1S .... 

line. 

Sorghum, Dwarf : 

i 

3 

visibly wilted during the day; gut- 
tation heavy after 2 a. m. 

8 fully unfolded leaves. No signs of 

Yellow milo. i 

Sorghum, Red Am- 

1 

5 

wilting during day; heavy^ guttation 
! after i a. m. 

9 fully unfolded leaves. No wilting; 


ber. 


heavy guttation after i a. m. 


83798—24 6 
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Table IW— Daily vanaiion of water, dry matter and carbohydrates in the leaves of Pride 
cf Saline corn and Dwarf mih at Garden City, Kans., July 20 and 21, igi 6 


PERCEN'TAGE OE THE CONSTITUENTS 


Penod ending— 

Dry matter.. 

' Water. 

Total sugars. 

Noureduciug 

sugars. 

Reducing 

sugars. 

Corn. 

xMilo. 

Conn 

Milo. 

Com. 

Milo. 

Com. 

Milo. 

Cora. 

Milo. 

July 20. 











6 a. m, 

26.3 

29.6 

73-7 

70-4 

2.75 

3.68 

1.87 

2.44 

0.88 

1.24 

8 a. m. . 

27-3 

30.6 

72.7 

69.4 

4.68 

4-64 

3-44 

3-19 

1.24 

1-45 

10 a. m 

28. 1 

31-3 

7 i ‘9 

68.7 

5-13 

5-24 

4.01 

3-94 

1,13 

1-30 

12111 

28. 7 

32*4 

71-3 

67.6 

4.89 

5*50 

4.25 

4.80 

.64 

.70 

2 p. m 1 

4 p. m. i 

29.4 
28.9 
28. 1 

33 -° 

33-6 

32.8 

70.6 
71. 1 

67.0 

66.4 

6.03 

5-13 

4 - 5 S 

8.27 

4-83 

4.44 

3-65 

6.98 

1.20 

.69 

•93 

1.29 

6 p. m J' 

71.9 


6.55 

5-25 

1.30 

§ p. m. 

26, S 

31-5 

73*2 

68.5 

3-31 

4.22 

2*54 

3.28 

•77 

•94 

10 p. m 

26.3 1 

30-3 1 

1 73'7 

69.7 

2-33 j 

2.89 : 

1-95 

2-35 

•38 i 

* 54 

12 midn 

July 21., 

25.4 i 

30.0 1 

i 

i - 74.6 

70.0 

1.86 

2.82 

1.51 

2.22 

i 

! 1 

.60 

, 

2 a, m. 

1 24*3 ‘ 

00 

■ 75-7 

71.6 

2.19 j 

3.16 i 

1.60 

, 2,20 

•59 1 

.96 

4 a. in. . , . — 

1 24-5 i 

29, 1 

; 75-5 

71.9 

1-73 

3-44 1 

I. II 

2.09 

.62 i 

^•35 

6 a, in 

26,4 i 

29-3 

73-<5 

i , i 

70.7 

2.61 j 

3 - 7 S i 

1 

2.02 

I 

2.52 

I ' 

‘•59 ^ 

1.23 


GRAMS OF CONSTITUENTS PER SQUARE METER OF LEAF 


July 20. 











6. a. m, 

44.0 

46.6 

123.7 

III . 3 

1. 21 

1. 71 

0.82 

1.14 

< 5-39 

0-57 

8 a, m. 

45-3 

47*2 

120.7 

107.0 

2.12 

2.18 

1.56 

x.Si 

•56 

.67 

10 a. m 

46.7 

48.5 

.119.5 

106.5 

2.39 

2-54 

1.87 

1. 91 

•52 

.63 

12 m 

47‘3 

49-9 

117.7 

104.5 

2.31 

2.74 

2.01 

2-39 

.30 

•35 

2 p. m 

4 p. m 

48.8 

48.5 

47-5 

,46.4 

45-0 I 

52-5 

54*3 
52.8 
52.0 i 
5 ® *3 

II 7-3 

119.5 

121.8 

127-3 ! 

126.7 ! 

106.7 

107.2 

108.7 

113*4 

116.2 

2.94 

2.49 

2.17 

1-34 

1.05 

4-34 

2.36 

2.15 

^•73 

1.03 

,88 

3-66 

■59 

•34 

•44 

• 3 X 

.17 

.68 

6 p. m 

S p. Ill 

10 p- m,. . . . . 

3-46 
2.19 
1-45 ■ 

2.77 

1,71 

I. 18 

.69 

.48 

.27 

12 midn 

July 21. 

43-0 

1 

49*7 

126.5 

116.1 j 

,80 : 

1.40 

i 

.65 ! 

I. 10 

• xs! 

i 1 

.30 

2 a. m.. 

1 41,2 

47.9 

128.9 

120.9 

.90 

1. 51 

.66 

1.05 

.24 : 

.46 

4 a. na.,. 

i 41-7 

46-7 

128.7 

219-5 

.72 

1. 61 

.46 

.98 

.26 


6 a. m., ..... . 

! 44-3 

48. 1 

123-5 

i 116.5 

1. 15 

1.80 

.89 

1 I . 21 

1 

.26 

•59 



:aph showing the Tariatioa of the redudng and noiirediiid.ng sugars, dry matter* and water in 
Lhe leaves of ^rideM Saline corn and Bwarf- Yellow milo during July 20 and 21, i$i 6 . 
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Table W — Daily zariafion of imter, dry matter^ and carbohydrates in the leaves of Pride 
of Saline corn and Divarf milo at Garden City, Kans., August i and 2, igi 6 

percentage of the constituents 


Period ending — 

Dry matter. 

Water. 

Total sugars. 

Nourediicing 

sugars. 

Reducing 

sugars. 

: Com. 

Milo. 

Cora. 

Miio. 

Cora. 

Miio. 

Corn. 

Milo. 

Com. 

Milo. 

Allg. I. 

6 a. m., ...... . 


32.7 

7^-5 

67-3 

1.52 

2.38 

1. 12 

1.89 

0.40 

0.49 

S a. ni 

29*7 

34-4 

70* 3 

65.6 

3-49 

3*33 

3-23 

2*45 

.26 

.88 

10 a. ni 

31-4 

.55 

6S.6 

64,2 

5-17 

5.20 

4 - 5S 

3*93 

•59 

1.27 

12m 

32*5 

37' 4 

^7 • 5 

62.6 

6-33 

6.52 

5.21 

- 5*09 

1. 12 

1.43 

2 p. m — . . . . 

33 *^ 

38. 2 

66.9 

61.8 

5.68 

5.62 

4*72: 

4- 65 

5- I 4 

•97 

.64 

4 p. 111. ....... 

31. 1 

37 • 7 

68. 9 

62.3 

5-38 

168 

4.74 

•y / 
i ’54 

6 p. m 

29.4 

36.1 

70.6 

63-9 

5-49 

S- 4 S 

4.87 

4.63 

.62 

.82 

8 p, m. ...... . 

28. 9 

34 ‘B 

71. 1 

65.2 

1.80 

3*71 

1.22 

2.70 

•58 

1. 01 

10 p. m 

: 27.7 

1 33-9 

72*3 

: 66.-1 1 

3-39 

3*39 j 

2.77 1 

' 2.58 1 

.62 

; -Si 

12 midii 

; 26. 7 

i 32*3 

73-3 

1 67.7 

2.88 

3.24 

2.03 1 

2.02 1 

■85 

1.23 

Aug. 2. 

2 a, .in 

1 26.8 

' 32.2 

’ 73-2 1 

67.8 i 

2.64 

I 

i 

3*35 

j 

^•95 

to 

0 

.69 1 


4 a. Ill ! 

27.2 

31-2 

: 72.8 I 

68 . 8 i 

2.30 


1.72 1 


.58 ; 

6 a. m 1 

27.1 

32.6 

72.9 1 

i 

68.4 ; 

3-01 1 
1 

3*47 

2*33 

2.38 i 

1 

.68 i 

1.09 


GR.AMS OF CONSTITUENTS PER SQUARE METER OF LEAF 


Aug. I* 

6 a. 111. 

49*1 

50.8 

123.3 

104.7 

0*75 

1. 21 

0*55 

0.96 

0.20 

0.25 

8 a, in 

50.0 

S 3 -4 

118.6 

102.0 

1.74 

1.78 

1. 61 


.13 

•47 

10 a. m 

5^-4 

55*7 

112,4 

99.9 

2.66 

2.90 

2.36 

2. 19 

*30 

• 7 ^ 

12 m. 

51-3 

5S.3 

106.9 

97-9 

3.25 

3.80 

■ 2.68 

2.97 

•57 

■83 

2 p. Xll 

5^*4 

61.0 

104,2 

99.0 

2.92 

3*43 

2. 42 

2.84 

■50 

•59 

4 P'. IUt 

■51.7 

61. s 

115.0 

102.0 

2.78 

4. II 

2.45 

3.16 

•33 

•95 

6 p. m 

51.0 

60.2 

122.7 

106.6 

2.80 

3.28 

2.48 

2.79 

.32 

.49 

S p. m 

50.2 : 

58.0 

123.7 i 

1 108.7 j 

,90 

2. IS 

i .61 

1-57 ^ 

1 . 29 ; 

^ -ss 

10 p. m. 

1 49 * I ' 

57-8 

128.6 ; 

! 112.7 

1.66 

1.96 

1 1.36 

1.49 

.30 i 

•47 

12 micln 

47*7 

SS-6 

I3I.I : 

116.6 

: 1 

1.37 

r.8o 

1 *97 

1. 12 

1 .40 1 

.68 

Aug. 2. 

2 a. m J 

47*3 

S 4-9 

129,2 ; 

115.6 

1.25 

1. 8-1 

; i 

1 .92 

1. 21 ^ 

i 

•33 ^ 

.63 

4 a. m , 1 

6 a. m. ....... I 

46.6 
47*1 ^ 

!;2.i 

54*2 

124.9 i 
127.2 1 

115.0 

117,4 

1.07 

1.42 

• 00 
- 00 

.80 

l.IO 

I 

1.29 i 

.27 1 
.32 

•59 




¥ 113 , 3,— Graph showing lie variaticm of the reducingr and nonrediicing sugars* dry matter, and water in 
tiae leaves of Pride of Saline com and Dwarf Y'dlow milo during August, i and s, ,19x6. 
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Table TT. — Dailr mriation of water, dry rmfier,. and carbohydrates in the leaves qf 
Pride of Saline corn and Dwarf milo at Garden City, Kans., July 25 and 26, 

mr 

PKRCBXTAGE OF THE CONSTITUENTS 


FeriGd 

ending-- 

Dry matter. 

Water. 

Total sugars- 

Nonreducing 

sugars. 

Redudng 

sugars. 

Starch.® 

Com. 

Milo. 

Com, 

Milo. 

Com. 

Milo. 

Com. 

Milo. 

Cora. 

Milo. 

Com. 

Milo. 

July 25. 













6 a, IB 

25-3 

28. 6 

74* 7 

71.4 

3.18 

4. 21 

u 33 

0. 86 

1.85 

3 - 35 

21-95 

20. 67 

8 a. HI ..... . 

26. I 

30. I 

73-9 

69.9 

3 * 

5. 10 

I. 91 

2. 34 

1.S9 

2. 76 

20. 41 

, 19. 54 

10 a. m.. .. . 

27,4 

31. 2 

72. 6 

68.8 

5 ‘ 65 

5 - 74 

3 * SS 

3.08 

2. 07 

2. 66 

w 

1-1 

19.98 

22 ni 

28.7 

32.2 

71,3 

67. 8 

6. 46 

6. 64 

4-75 

4.80 

I. 71 

I. 82 

20. 89 

21.07 

2 p. m . . . . 1 

29.4 

32.6 

70. 6 

67.4 

6.37 

7 * 49 

4-89 

6. 14 

I. 48 

^•35 

22. 17 

22. 98 

4 p. m. . , . 1 

27. 7 

33 - ^ 

72.3 

66.4 

4. 80 

5. 10 

3 - 53 

4. 51 

I. 27 

• 59 

23-51 

23. 29 

6 p. HI : 

2k 0 

33 - 7 

72. 0 

66.3 

4 - 7 S 

3-93 

3 - «5 

3. II 

,90 

• •82 

23. 30 

25. 70 

8 p. m . . . . ; 

25. 8 

3 '^- 7 

74. 2 

68.3 

I- 56 

3-35 

I. 21 

2. 73 

•35 

. 62 

23* 42 

26. 8a 

10 p. m j 

25-3 

30- 31 

74‘7 

69-7 

; I. II! 

u 53 

‘ .81: 

1. 19 

•30 

.34 

23. 29 

23.63 

12 midu . . .; 

247 

29. Oj 

75 * 3 

71. o| 

I. 87] 

4.40 

•77 

2. 24 

1. 10 

i 2. 16 

24.50 

25- 34 

July 26, 1 



1 







1 



2 a. m 

I ^ 3-3 

28. 1 

i 76-7 

71. 9' 

I. 94 

4. 18 

. 61' 

2. 05 

33; 

2. 13 

23.66 

23-51 

4 a. m i 

' 23.6 

26. 2; 

76.4 

73 * S 

2. 05 

2. 71 

1. 30 

u 57 

• 75 ! 

I. 14 

53 

21. 55 

6 a.'iB 

j 24.0 

i 

26. 9 

76.0 

73- 1 

2. 07 

2. 42 

I- 59 

1.63 

.481 

•79 

22. 32 

21. 16 


GRAMS OF CONSTITUENTS PER SQUARE METER OF EEAF 


July 2 S- 

6 a. m 

47 - S 

45-3 

140.5 

j 

1 

113.6! 1. 51 

1,91 

0.63 

0-39 

P 

00 

00 

I. 52 

10.43 

9-36 

8 a. m 

47.6 

46.6 

135-4 

108.7; 

I. 81 

2. 38 

.91 

I. 09 

.90 

I. 29 

9-71 

9, 10 

10 a. m. . . . 

49-9 

49. 1 

132.3 

108.3; 2.82 

2. 82 

I. 79 

1 - 5 ^ 

1.03 

I- 31 

10-83 

9. 81 

12 m 

50. 8 

49.8 

126. 6 

105. 2i 3. 28 

3-31 

2. 41 

2. 39 

.87 

.91 

10. 61 

10. 49 

2 p. IB . . . 

52.9 

SI. I 

127. 3 

106. O; 3. 37 

3-83 

2-59 

3 - H 

.78 

.69 

II. 73 

II, 74 

4 p. m . . . . 

49-3 

53 -d 

129. 0 

106. Oj 2. 37 

2- 73 

I. 74 

2. 42 

.63 

.32 

3 :^- 59 

12.48 

6 p. IB. . . . 

SI- 9 

55-4 

133-6 

109. 3! 2.46 

2. 18 

2. 00 

I. 72 

•47 

.45 

12.09 

14. 24 

8 p. m. . . . 

48. 9 

52. 6 

140. 8: 

113.51 -76 

I. 76! 

- 59 | I- 43 

• 17 

•33 

II- 45 

14. II 

lop. m. . 

1 48 - 5 ' 

52. X 

U3 ‘ 3 ' 

120. O! 

-54 

. 80 

- 39 : ■ 6a 

.14 

. 18 

II. 29 

12.31 

12. midu 

|46.8 

SO. I 

143-3 

123. ol 

.87 

2, 20 

. 36| 1. 12 

• 5 ^ 

I. 08 

II. 47 

12. 69 

July 26. 

2 a. m. . . . . 

1 

440' 

47-9 

145- 3 ' 

122* 9I . 85 

2. 00 

.27 

.98 

-58 

I. 02 

10. 41 

11. 26 

4 a. m 

44-8 

44 S 

145- d. 

125. 8i 

.92 

1. 20 

.58! .70 

•34 

.51 

9. 64 

9 - 59' 

6 a. m .... . 

45-1 

45-5 

143- 5. 

123. 9; 

i 

•93 

1. 10 

,.72 

-74 

. 22 

.36 

10. 06 

9-63 


a The tena starch as here used iadiides, besides the starch* the pentosans other inscAiible car- 
■bofeydrates that undergo ■convmian into reducing sugars on bdiing with hirdrodilwic add accOTtlmg 
to the ofiSdal method of add hydrols^sis for the estimation d star^. 
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Table: Yll.—Daily mtiaiion of water, dry matter and carbohydrates in the leases of 
Dwarf milo at Garden City, Kans., August j, igiy 

PERCENTAGE OE THE CONSTITUENTS 


Pericxi ending— 

'Dry matter. 

Water. 

- 

Total sug- 
ars. 

Nonreduc- 
ing sugars. 

Reducing 

sugars. 

Starch, a 

Aug. 3. 

6 a. m 

31-3 

68.7 

2.25 

■ 

1*37 

0 

00 

20.86 

S a. m. - 

32.9 

67.1 

4.62 

2.17 

2-45 

19-51 

10 a. m — I 

34.0 

66.0 

5.92 

1 3.91 

2.01 

21.91 

12 m - 1 

35.8 

64.2 

6.77 

4.87 

1.90 

21.44 

2 p. m j 

36.2 

63.8 

5-59 

i 4.33 

1.26 

22.23 

4P- m 1 

36.4 

63.6 

4-25 

! 3*25 

1. 00 

1 23.29 

6 p. m I 

36.2 

63.8 

2.82 

i 2.25 

.57 

j 23.84 

8P- m 1 

i 

34.8 

1 

65.2 

1.92 

1 1-58 

.34 

24.23 


GRAMS OE CONSTITUENTS PER SQUARE METER OF EEAE 


Atig. 3. 

6 a. m i 

1 

' 52*9 

116.3 

1. 19 

0.72 

0.46 

11.03 

8 a. m ; 

54-4 

III.O 

2.51 

1. 18 

1-33 

10.61 

10 a. m. i 

56.1 

109.2 

3-32 

2.19 

1.13 

12.29 

13 m ' 

59‘3 

106,4 

4.01 

2,89 

1. 13 

12-79 

2 p. m 

60.9 

107.5 

3.40 

2.64 

•76 

13-54 

4 'P. 

61.5 

107,5 

2.61 

2.00 

.61 

14-32 

6 p. m. 

62.5 

110.2 

1.76 

1. 41 

•36 

14.90 

8p. m ■ 

61.9 

116.3 

1. 19 

.98 

.21 

15.00 


« Tiie term “starcli”’ as here used includes, besides the starch, the pentosans and other insoluble carbo- 
hydrates that undergo conversion into reducing sugars on boiling with hydrochloric acid according to the 
official method of acid hydrolysis for' the estimation erf starch. 
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Table VIIL— Daily mriation of water, dry matter, and carbohydrates in the leaves of 
Pride of Saline corn, at Manhattan, Kans,, fuly j and 4, igig 

P'ERCENTAGB 01 ^ THE CONSTITUENTS 


Peri(x:l ending™" 

Dry matter. 

Water. 

Total sug- 
ars. 

Nonreduc- 
ing sugars. 

Reducing 

sugars. 

vStarch.® 

July 3 - 

7 a. m 

20,6 

79-4 

0,71 

0.25 

0.42 

17.84 

9 a. m 

21.2 

78.8 

1. 01 

.31 

•65 

18. 72 

11 a. m. 

22.5 

n-s 

0 

0 

I. II 

‘79 

^ 9*75 

I p..m 

23.4 

76,6 

3*44 

2.34 

•90 

21, 12 

3 P- in 

a 4 -S 

73-5 

4.59 

3-54 

.81 

22,34 



24-3 

7 S -7 

5.92 

4*23 

1. 41 

22.85 

7P- in 

24.2 

75*8 

5*14 

3.22 

1.68 

22,22 

9 P- 

23.6 

76.4 

3*47 

1.77 

I. os 

23.13 

II p. m 

21.9 

78.1 

1.99 

I. 19 

.70 

23.29 

July 4. 







I a. m 

20.7 

79*3 

r,6o 

1.04 

.48 

21.61 

3 a. m 

19.8 

80.2 

,60 

.28 

.29 

20. x8 

5 a. m 

19.0 

81.0 

j 

1.51 

1.02 

,40 

19.88 


GEAMS OF CONSTITUENTS PER SQUARE METER OF LEAF 


July 3- 







7 a. m 

39-3 

152-2 

00 

d 

0.09 

0.16 

7.01 

9 a. m 

40.3 

149.9 

.40 

.12 

,26 

7*54 

II a. m. 

42.3 

146,1 

•85 

•47 

•33 

8*35 

I p. HI 

43*9 

143*9 

1.51 

1.03 

•39 

9-27 

3 P- ^ 

45.3 

140.3 

2.08 

1.60 

*37 

10. la 

5 P-H 1 

45- 5 

142.4 

2.69 

1.92 

.64 

10.34 

7p.ra..... 

45-3 

142.6 

2*33 

1.46 

.76 

10,07 

9 P* m*.** 

44*7 

I 4 S -2 


*79 

,46 

10.33 



43*0 

:i 53.8 

■8s 


•30 

j 10,01 

July 4- 







I a. iH, ■ 

42.2 

162,5 

.67 

.44 

,20 

9, 12 

3 a. HI ■ 

40.0 

166.0 

.24 

.11 

,12 

8.07 

5 a. m 

40,6 

173*3 

.61 

• 41 

* 16 

8.07 


« The tern “starch” as here used includes, besides the starch, the pentosans and other insoluble carbo- 
hydrates that undergo conversion into reducing: sugars on boiling with hydrochloric acid according to the 
omcial method of acid hydrolysis for the estimation of starch. 
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Tig, 5. — Graph showing the variation of the starch,® reducing and nonreducmg sugars, dry matter, and 
water in the leaves of Pride of Saline com during July 3 and 4, 19x9. 


® The term "starch'' as here used includes, besides the starch, the pentosans and other insoluble carbo- 
hydrates ^t^undergo inversion into reducing sugara on boiling with hydrochloric acid accm-dmg to the 



8oo 


Journal of AgricuUtiral Research voi. xxvii, No. i© 


Table IX. — Daily variaiion of itfaicr^ dry maiiety and carbohydrates in the leaves of 
Dwarf niilo and Red Amber sorgo at Manhaiian, Kans., July IJ and l8f igiQ 


PERCENTAGE OF THE CONSTlTirENTS 


Period ending — 

Dry matter. 

Water. 

_ 

Total sugars. 

Nonroilucing 

sugars. 

Reducing 

sugars. 

Red 

Amber 

sorgo. 

Dwarf 

milo. 

Red 

Amber 

sorgo. 

'Dwarf 

railo. 

Red 

Amber 

sorgo 



Dwarf 

milo. 

'Red 

Asnber 

sorgo. 

Dwarf 

milo. 

Red 

Amber 

sorgo. 

Dwarf 

milo. 

July 17. 











7 a. m 

22. 4 

21. 4 

77.6 

78.6 

I. 74 

2. 28 

0. 83 

0. 76 

0. 82 

I. 41 

9 a. m 

24. 2 

23-3 

75-8 

76.7 

2.53 

3. 16 

.88 

I. 41 

I- 53 

I. 61 

II a, m, ..... . 

24. 6 

25.0 

75-4 

75-0 

3 - 34 

4. 20 

I. 98 

2. 1 8 

I. 18 

I. 84 

I p. m 

26. 0 

26. 0 

74.0 

74.0 

4 , 06 

5 - 17 

I. 85 

2. 82 

2. 02 

2. 01 



26. 4 

26. 7 

73 - <> 

73' 3 

4. II 

S' 25 

2. 43 

2. 50 

I. 48 

2. 53 

5P-m 

25 - 

25*9 

74. 4 

74. 1 

2. 17 

4. 88 

I. 38 

2. 36 

.68 

2. 30'' 

7 P- ^ 

25* 3 

25* S 

74-7 

74.5 

2. 81 

5 * 4 Q 

I. 97 

3 > 30 

.70 

I. 94 

, 

24.9 

24. 0 

75 - I 

76. 0 

2* 33 

3 - 57 

I. 25 

2. 06 

‘97 

T ‘34 

II p. m 

25- 0 

24. 5 

75-0 

75 - 5 

2. 13 

2. 13 

. 82 

• 7 ^ 

I. 21 

T. 25 

July 18. 











I a. m 

24,4 

23- 5 ' 

75-6 

76. S 

1. 77 

2. 05 

. 28 

. 72 

I. 41 

I. 32 

3 a. m 

23.4 

22. 9 

76. 6 

77-1 

2. 13 

I. 86 

• 79 

.48 

I. 24 

I. 2 p 

S a. m. 

22. 2 

21. 6 

77.8 

78. 4 

2. 14 

I. 38 

. 86 

. 16 

1. 16 

I. 15 

7 a. m 

21, 0 

20. 5 

79.0 

79-5 

2. 07 

1-32 

. 60 

. 16 

1.38 

I. lO' 


GRAMvS OF CONvSTITUENTvS PER SQUARE METER OF LEAF 


July 17. 

7 a. m 

41. I 

40. 6 

143. 0 

150. 0 

0.71 

93 

0.34 

0. 40 

0, 34 

0- 57 

9 a. m 

42.4 

41.2 

133- 5 

136.0 

I. 07 

I. 30 

' - 37 

.58 

-65 

,66 

II a. m 

43.0 

43-4 

132. 0 

130.6 

I. 44 

I. §2 

-8s 

• 95 

• 5 ^ 

.80 

I p. m 

45-2 

44.6 

128. 7 

127. 1 

1.83 

2. 30 

. 84 

T. 25 

.91 

•90" 

3 p.m. ....... 

46. 5 

46.6 

129. 8 

128. 4 

I, 91 

2. 45 

13 

1. 16 

.69 

I. 19- 

5 P- 

45-7 

45 - 5 

i 33 ‘ 3 

130.6 

*99 

2, 22 

-63 

I. 07 

• 3 ^' 

I. 03 

7 P- 

45-4 

45-3 

134-3 

132. 4 

I. 27 

2. 49 

.89 

T. 49 

.32 

.88^ 



44.4 

43 - 

134. 6 

139-9 


I. 54 

. 55 

.89 

•43 

•SB' 

II p. m 

45‘3 

43 * 8 

136-3 

5 

.96 

- 93 

•37 

•34 

■55 

• 55 ^ 

July 18 . 











I a. m 

44.4 

43. 0 

138.2 

T40.4 

.78 

.88 

. t2 

•31 

-63 

. 52 " 

3 a. m 

43' 3 

42. 6 

142. I 

144*2 

.92 

- 79 

. 34 

. 20 

• 54 

• 55 

5 a. m. . 

42. 3 

41-3 

148.9 

150. 1 

•91 

• 57 

. 36 

, 07 

• 49 

* 47 

7 a. m 

40. 0 

39.0 

150- 9 

15U3 

-83 

. 51 

.24 

. 06 

i 

- 55 

• 43 - 
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The data in regard to the amount of water, dry matter, and carbohy- 
drates obtained in each of the experiments are shown in Tables IV to IX. 
The results are expressed in percentages and in terms of the number of 
grams of constituents per square meter of leaf. The percentages of water 
and dry matter are calculated on a w^et basis, while the percentages of 
carbohydrates are estimated on the amount of dry matter in the leaf. 
The changes in the amount of the constituents per square meter of leaf 
during each two-hour period of the experiments are shown by graphs in 
figures I to 6. 

DRY MATTE)R AND WATER IN THE EEAVES 

The daily variation of the water and dry matter in the leaves of corn 
and the sorghums has been reporte4 in detail in a previous paper (lo), 
so that only those facts will be mentioned that are essential to discussion 
of the variation of the carbohydrates of the leaves. 

Ill the experiments the amount of dry matter in a given area, of leaf 
was alwa^^s greater for the sorghums tlian for the corn, and a microscopic 
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TabuI IX . — Daily variation of water, dry maiier, and carbohydrates in the leaves of 
Dimrf mi to and Red Anther sorgo at Manhattan, Kans,, July 1/ and l8, IQIQ 


PERCENTAGE OF THE CONSTiTUENTvS 


Period eliding— 

Dry matter. 

Water. 

Total sugars. 

Nonrediidng 

sugar.s. 

Reducing 

sugars. 

1 

Red 

Amber 

sorgo. 

i 

1 

Dwarf 

milo. 

_ - 1 

Red 

Amber 

sorgo. 

Dwarf 

milo. 

Red 

Amber 

sorgo 

Dwarf ' 
milo. 

i Red 
Amber 
sorgo. 

I 

Dwad 

milo. 

Red 

Amber 

jorgo. 

Dwarf 

milo. 

July 17. 

1 

! 






i 

1 




7 a. m 

22. 4 

21. 4 

77.6 

, 78.6 

E 74 

2. 28 

0- 83 

0. 76 

0. 82 ' 

I. 41 

9 a. m 

24. 2 

23-3 

75 - S 

7^-7 

2. 53 

3. 16 

. 88 

I. 41 

E 53 

,1.61 

II a. m 

24. 6 

25. 0 

75-4 

75-0 

3 - 34 

4. 20 

I. q8 

2. 18 

I. 18 

I. 84 

I p. m 

26. 0 

26, 0 

74. 0 

74. 0 

4. 06 1 

5 - 37 

I. 85 

2. 82 

2. 02 

2. 01 

3 P-H 1 

26. 4 

26. 7 

73. 6 

73-3 1 

4. II i 

5 - 25 

2. 43 

2. 50 

1. 48 

2. 53 

SP-ni 

25.6 

25-9 

74.4 

! 74. I 

2. 17 

CO 

CO 

• 4 - 

I. 38 

2. 36 

.68 

2.30 

7 P -311 

25-3 

25 - 5 

74 - 7 

74. 5 

2. 81 

5. 49 

I. 97 

3 - 3 ^^ 

.70 

1.94 

9 P-ra 

24.9 

24. 0 

75 - I 

76. 0 

2. 33 

3 - 57 

1- 25 1 

2. 06 

.97 

I. 34 

II p. m 

25. 0 

24* 5 

75-0 

1 75 - 5 ' 

2. 13 

2. 13 

. 82 

.78 

' 1. 21 

1 E2S 

July iS. 











I a. m 

24. 4 

23- 5 

75 - 

76- 5 

1.77 

2. 05 

. 28 

. 72 

I. 41 

I. 22 

3 a. m 

23-4 

22. 9 

76. 6 

77. I 

2. 13 

I. 86 

• 7 Q 

.48 

I. 24 

I. 29- 

S a. m 

22. 2 

21. 6 

77.8 

78.4 

2. 14 

I. 38 

. 86 

. 16 

I. 16 

E 15 

7 a. m. 

21, 0 

20. 5 

79.0 

79 - 5 

2. 07 

I. 32 

. 60 

. 16 

E38 

I, 10 ' 


GRAMS OF CONSTITUENTS PER SQUARE METER OP EEAF 


July 17. 

7 a. ra 

41. 1 

40. 6 

143.0 

150. 0 

0.71 

0. 93 

0. 34 

0. 40 

0.34 

O- 57 

9 a. m 

42.4 

41. 2 

133- 5 

136.0 

1. 07 

1. 30 

- 37 

•S8 

-65 

. 66' 

II a. m 

43- 

43-4 

132. 0 

130.6 

1.44 

1. 82 

•8s 

-95 

-SI 

. 80 

I p. m.. 

45-2 

44-6 

128. 7 

127. I 

1. 83 

2. 30 

. 84 

I, 25 

.91 

-90 

3 p.m. ....... 

46. s 

46, 6 

129. 8 

128. 4 

1. 91 

2- 45 

E 13 

1. 16 

.69 

I. 19' 

5p. m..... ... 

45- 7 

4S- 5 

133. 3 

130.6 

.99 

2. 22 

.63 

I. 07 

.31 

I. 05 

7P-m 

45.4 

45-3 

134- 3 

132. 4 

1. 27 

2. 49 

.89 

T. 49 

■ 32 

.88 

0 p. m.. , 

44. 4 

43 - I 

134.6 

139. 9 

E03 

E 54 

• 55 

. 8q 

•43 

- SS' 

II p. m 

45- 3 

43- ^ 

3 

m - 5 

.96 

' 93 

- 37 

*34 

• 55 

! . - S5' 

July iS. 











I a. m 

44. 4 

43-0 1 

138. 2 ] 

140.4 

.78 

.88 

, 12 

*3^ 

.63 

,52" 

3a. m........ 

43 - 3 

42.6 

142. X ; 

144. 2 

.92 

• 79 

. 34 

, 20 

• 54 

.55 

S a. m.. . .. . . . 

42.3 

4E3 

148. 9 

150. 1 

,91 

- 57 

- 

.07 

.49 

.47 

7 a. ni. 

40. 0 

39.0 

RSo. 9 

15E3 

-S3 

. 51 

. 24 

i 

. 06 

-55 

•43' 
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Tlie data in regard to the amount of water, dry matter, and carbohy- 
drates obtained in each of the experiments are shown in Tables IV to IX. 
The results are expressed in percentages and in terms of the number of 
grams of constituents per square meter of leaf. The percentages of water 
and dry matter are calculated on a w'et basis, while the percentages of 
carbohydrates are estimated on the amount of diy matter in the leaf. 
The changes in the amount of tlie constituents per square meter of leaf 
during each two-hour period of the experiments are shown by graphs in 
figures I to 6, 

DRY MATTER AND WATER IN THE LEAVES 

The daily variation of the .water and dry matter in the leaves of corn 
and the sorghums has been reporte4 in detail in a previous paper ( 10 ), 
so that only those facts will be mentioned that are essential to discussion 
of the variation of the carbohydrates of the leaves. 

In the experiments the amount of dry matter in a given area of leaf 
was always greater for the sorghums than for the corn, and. a microscopic 
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examination of sections of the leaves showed that the mesophyll cells of 
sorghum leaf are smaller, more numerous, and more compact „tliaii those 
of a leaf of corn. In the case of both corn and the sorghums, the ammiiit 
of dry matter in the leaves begins to increase in the morning from 4 to 
6 a. 111. , reaches a iiiaxiniiim at periods varying from 2 to 6 p. iti., and then 
gra-dually diminishes until daylight the following morning, when the 
amount of dry matter again approximates that at the beginning of the 
previous day. , In the three comparative experiments with Pride of Saline 
corn and Dwarf Yellow milo, the increase in the amount of dry matter in 
the leaves during the day was always greater for the sorghum than for the 
corn. In each of these three experiments the maximum increase in dry 
matter per square meter of leaf was respectively 4.8, 2.6, and 5.4 gm. for 
the com and 7.6, 10.7, and 10. i gm. for the milo. If the materials used 
by the leaves in respiration are not considered, the increase in the weight 
of the dry matter of the leaves during any period of the day represents 
the difference between the amount of material manufactured by the 
leaves and the amount of material translocated from them during that 
time. It is not possible, therefore, to state definitely whether the greater 
increase in the dry weight of the leaves of milo as compared to the leaves 
of corn is due to a higher rate of production of materials by the leaves of 
sorghums or whether it is the result of a more rapid rate of translocation 
of the manufactured materials from the leaves of corn. The fact that the 
sorghums can increase the amount of dry matter in their leaves under 
climatic conditions that have prevented any increase in the amount of 
material in the leaves of corn would seem to indicate that the milo under 
the conditions of these experiments is able to manufacture materials in 
the leaves practically twice as rapidly as the corn. 

Under the conditions of these experiments the amount of water in 
any given area of leaf was always lower in the sorghums than in the 
com. The amount of water in the leaves of both corn and the sorghum 
begins to decrease anywhere from midnight to 5 a. m. and reaches a 
miniraum from noon until 3 p. m., after which time the amount of water 
begins to increase until it again reaches a maximum the following morn- 
ing. In the experiments with the sorghum the minimum aiiioimt of 
water in the leaves occurred at 12 noon in four cases and at i p. m. in 
two cases. In the four experiments wdth corn the minimum amount of 
water in the leaves occurred three times at 2 p. m. and once at 3 p. m. 
In only one case did the quantity of water in the leaves appear to be 
the limiting factor in the production of dry matter. In the experiment 
on August X, 1916, the amount of dry matter in the leaves of com reached 
a maximum at 10 a. m. and remained constant until after 4 p. m., when 
it began to decrease. The amount of water in the leaves at 10 a. m. 
^ was 1 1 2.4 gm. per square meter of leaf, and it continued to decrease until 
^ it amounted to only 104.2 gm, per square meter of leaf at 2 p. m. In 
none of the other experiments with corn did the axnoimt of water in the 
leaves reach a minimum lower than ii7gm. per square meter of leaf . In 
all of the other experiments the amount of dry matter in the leaves of 
corn continued steadily to increase past the time of the miniiiiuiii water 
content of the leaves, so that it would appear that the miiiinium anioimt 
of water that can be I'eached in the leaves of corn ' and not . interfere 
until the process of photosynthesis is slightly above 112 gm. per square 
meter of leaf. ' Yhe minimum amount of water observed in the leaves 
of Dwarf Yellow milo and Red Amber sorgo in these experiments was 
98 gm. per square meter of leaf, but this " miniraum apparently in no 
way retarded the production of dry matter. 
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THE carbohydrates OR THE HEAVES 

THE TOTAH SUGARS 

The total sugars in the leaves of com and the sorghums begin to 
increase between 4 and 6 a, m. and reach a maximum which varied in 
these experiments from 12 m. to 5 p. m. After the maximum was reached 
the sugar disappeared rapidly until 9 to 10 p. m., after which the decrease 
was very gradual until daylight again appeared. In five of the ten 
observations the maximum amount of sugar in the leaves occurred at 
the same time as the maximum amount of dry matter, while in the other 
five cases the maximum amount of sugar was reached at periods varying 
from one to six hours earlier than the maximum amount of dry matter 
in the leaves, ^fhere is no evidence from these experiments to show 
that there is any difference between the corn and sorghum in regard to 
the time of day at which the maximum amount of sugar and the maxi- 
mum amount of dry matter may occur in the leaves. The fact that in 
some experiments the maximum amount of sugar in the leaves occurred 
earlier in the day than the maximum amount of dry matter shows that 
in these cases the increase in the dry weight of the leaves was due in 
part to the temporary storage of materials other than the sugars. 

In the three comparative experiments with Pride of Saline com and 
Dwarf Yellow milo, the maximum percentage of sugar in the leaves 
was respectively 6.03, 6.33, and 6.44 for the corn and 8.27, 6.68, and 
7.49 for the milo. The average maximum amount of sugar in the leaves 
of the milo was thus about i per cent higher than in the leaves of corn. 
The maximum sugar content of the leaves during the day, expressed in 
grams per square meter of leaf, amounted to 2.94, 3.25, and 3.37 for 
corn and 4.34, 4.1 1, and 3.83 for milo, respectively, in each of the three 
successive experiments. The maximum increase in the amount of 
sugar in the leaves during the day was respectively 1.73, 2.50, and 1.86 
gm. per square meter of leaf for the corn and 2.63, 2.90, and 1.92 gm. 
per square meter of leaf for the milo. A comparative experiment was 
conducted with Dwarf Yellow milo and Red Amber sorgo on July 17 and 
18, 1919, but no significant differences were observed in regard to the 
behavior of the total sugars in these plants. Table X gives a summary 
of the more important facts concerning the changes in sugars of the 
leaves during the day. 


THE INSOEUBEE CARBOHYDRATES 

In the experiment of July 25 and 26, 1917, the maximum amount of 
insoluble carbohydrates per square meter of leaf was reached at 6 p. m. 
in both the corn and milo, while the maximum sugar content occurred at 
2 p. ni. In the experiment with Dwarf milo on August 3, 1917, the 
maximum amount of sugar per square meter of leaf was reached at 12 m., 
but the maximum amount of insoluble carbohydrates did not occur until 
8 p. m. In the observation on corn during the experiment of July 3 and 
4, 1919, the maximum amount of sugar and insoluble carbohydrates per 
square meter of leaf was reached at 5 p. -m. After the insoluble carbo- 
hydrates reached a maximum in the leaves, they showed little or no 
diminution in amount until about midnight, when they decreased, rapidly: 
until daylight. 
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The maximum increase in the dry matter of the leaves of corn and milo 
was always greater than the increase of the carbohydrates as determined 
by the methods used in these experiments. The case of Dwarf Yellow 
milo in the experiment of July 25, 1917, will serve as a concrete example 
of the above statement. On. that date at 6 a. m. the dry matter in a 
square, meter of leaf amounted to 45.3 gm. This increased gradually 
during the day until a maximum was reached at 6 p. m., when the dry 
matter amounted to 55.4 gm. per square meter of leaf. Thus each square 
meter of leaf increased in dry weight lo.i gm. during the la-hour period. 
The increase in sugars and insoluble carbohydrates from 6 a. m. to 6 p. m. 
amounted to 0.27 and 4,88 gm. per square meter of leaf, respectively, so 
that the total increase in dry weight in each square meter of leaf due to 
the carbohydrates amounted to 5.15 gm. There was thus an increase of 
4.95 gm, of dry matter in each square meter of leaf that could not be 
accounted for by the increase of carbohydrates. In the several experi- 
ments the increase of dry matter during the day that could not be ac- 
counted for by the increase in sugar and insoluble carbohydrates during 
the same period varied from 7.4 to 53.7 per cent of the total increase of 
dry matter. Detailed information on this point can be obtained by 
consulting Tables VI, VII, and VIII. The undetermined material is 
evidently not protein, since unpublished data show that in the cases in 
question there is no increase in the absolute amount of nitrogen in the 
leaves during the day. The method used in obtaining the dry weight of 
a unit of area of leaf does not seem to be at fault, since the dry weight 
of a unit of area in all the experiments was approximately the same at 
the close of a 24-hour period as it was at the beginning. Since the 
samples used in determining the weight of a unit of leaf area at the begin- 
ning and at the close of an experiment were selected from rather widely 
separated portions of the leaf, it would seem that the structure of the 
leaf was uniform and that no appreciable error would be due to variations 
in the leaf samples that were used to determine the absolute amount of 
dry matter. The discrepancy observed between the total increase in dry 
matter in the leaves during -^e day and the increase in carbohydrates is 
due apparently to the fact that certain temporary storage products in 
the leaves are not detected by the methods used in determining the 
carbohydrates. 

THU REDUCING AND NONREDUCING SUGARS 

The nonreducing sugars in the leaves of the plants studied were, with 
the exception of the experiraient with Dwarf milo and Red Amber sorgo, 
always in excess of the reducing sugars. The increase in the amount of 
the nonreducing sugax"s and the maximum point of increase of the total 
sugars is also the maximum point of increase of the nonreducing sugars. 
In the three comparative experiments with Pride of Saline corn and 
Dwarf Yellow milo the maximum increase in the nonreducing sugars in. 
the leaves during the day amounted to 1.54, 2.13, and 1.96 gm. per square 
meter of leaf for the com and 2.52, 2.01, and 2.75 gm. for the same leaf 
area in the case of the milo. In the same three experiments the maximum 
increase in the reducing sugars amounted to only 0.20, 0.37, and 0.18 gm'. 
per square meter of leaf in the case of the corn and 0.12, 0.70, and 0.00 
gm, for a like area of leaf in the case of the milo. In the experiment with 
milo on August 3, 1917, and with com on July 3 and 4, 1919, the maximum 
increase in the reducing sugars in the leaves during the day was respecr 
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tively one-iialf and one-third of the ■ increase of the tioiiredticlng sugars. 
The highest ratio of the reducing sugars to nonrecliicmg was that observed 
ill the comparative experiment with Dwarf Yellow milo and Red Amber 
sorgo on July’ 1:7 and 18, r9'i9, when the maximum increase in the non- 
reducing sugars during the 'day was 1.09, and 0.79 gm. per square meter 
of leaf, respectively, for the milo and sorgo, while the maximum increase 
in the reducing vsugars for an equal leaf area amounted to 0.62 gm. for 
the former and 0.57 gm. for the latter. 

By coiisitlting figures i to- 6 it will be seen that the graphs repre- 
resenting the changes in the reducing sugars in the leaves of corn and 
the sorghums during ' the day are very irregular, and that,, the time of 
the maximum increase in the amount of the reducing sugars very seldom 
if ever coincides with the time of the maximum amount of the nonre- 
duciiig sugars. No significant differences were observed between corn 
and the sorghums in regard to the relationship between the reducing 
and the nonreducing sugars in their leaves. The observations made in 
these experiments in regard to the behavior of the nonreducing and the 
reducing sugars in the leaves of corn and the sorghums during the day 
and night are in accord with those of Brown and Morris (i), Parkin 
(ri) and Davis {3, 4, 5) who worked, respectively, with the leaves of the 
nasturtium, snowdrop, and the mangold and potato. Since the non- 
reducing sugars increased so markedly in the leaves during the day 
and then decreased during the night, while the reducing sugars remained 
almost constant, these investigators concluded that the nonreducing 
sugars were the first sugars formed in the leaves in photosynthesis. It 
would seem, however, that it can not be determined definitely from 
chemical analyses wdietlier the marked increase in the amount of the non- 
reducing sugars in the leaves during the day is due to the fact tliat 
they are the primary sugars of photosynthesis or to the fact that they 
are formed from the more simple sugars and accumulate in the leaves 
during the day as temporary storage products. 

SUMMARY 

In order to determine the changes- of tlie carbohydrates in the leaves 
of corn and the sorghums during the day, analyses were made of inaterial 
collected, at two-hour intervals from the leaves of' Pride of Saline corn, 
Dwarf Yellow milo, and Red Amber. sorgo grown' under, identical or 
similar field conditions during the summers of 1916, '1917, and 1919. 
'Ten sets of plants' were under observation and the more important 
data obtained, were as, follows: 

' (i) The amount of dry matter in a given area of leaf of t:lie sorgliiims 
'Studied was always -greater than a like area of leaf of the corn." The 
dry matter in- the leaves of both plants began to i,n,crease at da’yliglit, 
reached a maximum at periods varying from 2 to 6 p. m., and then 
gradually diminished until daylight the following morning. In the 
comparative experiments with corn and milo the maximum increase in 
dry matter per square meter of leaf during the day was approximately 
twice as great in the leaves of milo as in the leaves of corn. 

, ,(2) The amount of water in a unit of leaf, area was always, greater in 
Ihe leaves of com tlian in the leaves of the sorghums. The 'water con- 
tent of the leaves of ' both plants -began to decrease anywliere from mid- 
night to 5 a. m., readied a minimum from 12 m. until 3 p,. m., and then 
'fiegaii to increase until a maximum was reached the following morning. 
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In the case of corn the amount of water seemed to become a limiting 
factor in the production of dry matter when it reached a minimum of 
about 1 12 gm. per square meter of’ leaf. The water content of the sor- 
ghum leaves reached a minimum of 98 gm. per square meter of leaf, but 
this minimum ^ apparently in no way retarded the production of dry 
matter. 

(3) The total sugars in the leaves of the plants under observation 
began to increase between 4 and 6 a. m., reached a maximum which 
varied from 12 m. to 5 p. m., and decreased gimdually from that time 
until daylight the following morning. In the 10 observations the maxi- 
mum amount of sugar in the leaves occurred in five cases at the same 
time as the maximum amount of dry matter, while in the other five 
cases the maximum sugar content was reached at periods varying from 
one to six hours earlier than the maximum amount of dry matter. There 
is no evidence to show that there is any difference between corn and 
the sorghums in regard to the time of day at which the maximum amount 
of sugar and dry matter may occur in the leaves. 

(4) The insoluble cai'bohydrates were estimated as starch according 
to the official method of acid hydrolysis and thus include besides starch 
the pentosans and other insoluble carbohydrates that are converted 
into reducing sugars by boiling with hydrochloric acid. The insoluble 
carbohydrates thus estimated generally reached a maximum later in the 
day than the sugars and after they had reached a maximum showed 
little decrease until about midnight, after which they decreased rapidly 
until daylight. The total increase in the dry matter of the leaves during 
the day could not be accounted for by the increase in the sugars and 
insoluble carbohydrates during the same period. The increase in the 
total sugars and insoluble carbohydrates in the leaves during the day 
only approximated from 46 to 92 per cent of the total increase in the 
dry matter of the leaves for the same period. 

(5) The nonreducing sugars in the leaves of the plants studied were, 
with the exception of the experiment wdth Dwarf milo and Red Amber 
sorgo, always in excess of the reducing sugars. The nonreducing sugars 
increased markedly during the day and decreased during the night, while 
the reducing sugars, as a rule, showed very little increase, and the 
amount’ present at the different periods of the day was very irregular. 
The maximum increase in the reducing sugars in the leaves during the 
day in the case of corn and milo only amounted to from one- tenth to 
one-third the increase in the nonreducing sugars. No significant dif- 
ferences were observed between corn and the sorghums in regard tO the 
relationship between tlie reducing and nonreducing sugars in their leaves. 
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STUDIES ON THE POTATO TUBER' 

By Ernst Aritschwager , , 

Assistant Pathologist, Office of Cotton, Truck, and Forage Crop Disease Investigations, 
Bureau of Plant Industry, United States Department of Agriculture 

INTRODUCTION ^ .• 

A potato tuber is morphologically a modified stem with its axis greatly 
shortened and Its lateral members only weakly developed, the latter 
forming what are known as the “potato eyes/* 

The tuber originates as a stolon from an axillary bud of the underground 
stem. At first davate, the young organ soon assumes the shape char- 
acteristic of the variety. After a brief period of radial expansion, rapid 
apical growth becomes evident, new leaf scales are progressively differenti- 
ated from the vegetative cone, and in the axils of these scales new eyes 
and buds develop to maturity. Simultaneously with apical growth 
intercalary stretching occurs, whereby the spaces between the nodes 
widen and the spiral arrangement of the eyes becomes more distinct. 

The close relationship between tuber and stem, already evident from 
the grosser morphological features, becomes incontestable when the 
anatomical structure and the ontogeny of the tissues are studied. In 
their early development both tuber and stem show practically the same 
organization; both have a bicollateral stele limited externally by a well 
developed cortex, intemally by the pith. In their further development, 
however, each organ differentiates in accordahce with the r61e which 
it is destined to play in the life of the plant. The Stem, primarily an 
organ for support, develops a large amount of mechanical tissue and 
cells for water conduction — ^its vascular cylinder becomes hard and 
woody. The tuber, on the other hand, developing under the protective 
covering of the soil and destmed to become an organ for storage, gives 
rise, as will be shown later, to a large amount of unspecialized parenchyma 
tissue. The different rdle of these two organs as indicated by their 
structural make-up is destined conversely to affect their outward ap- 
pearance ; that is, the stem will grow to a considerable lengtli and remain 
slender, whiles the tuber will expand laterally as the flow of organic 
food material, constantly moving downward from the leaves, furnishes 
the' Bausteine for new cells and tissues, and for reserve starch which. i!I$' 
the cells ^ soon as they differentiate and mature. 

structure of the STOUON PRIOR TO TUBER FORMATION 

A median section through a stolon tip shows close behind the growing 
region three distinct tissue zones* — ^the dermatogen, the procambium, and 
the fundamental meristem. These tissues become greatly extended and 
differentiated as the stolon tip develops into a tuber. 

The dermatogen of the growing point becomes a single-layered epi- 
dermis. In surface view its young cells are square or hexagonal and 
more or less isodiametric. In maturing the cells become stretched in the 
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axial direction. Near the, apex the ceils ■ are radially elongated; the 
tangential wallS' are short and equal in extent to the vertical walls. ' More 
distant from the, growing point ■ the tangential dimension of the cells 
increases, while th,e depth remains about the same. The tangential 
walls of' the cells are slightly arched; the outer wall is always .thicker 
than the inner, and is covered with a thin cuticle. Some of the epidermal 
cells are specialized to form guard cells of the stomates; others enlarge 
and divide to form cover hairs, l^oth stomates and hairs, however, are 
only sparingly found on the young stolon tip, and, because of subsequent 
development of the periderm, they have only a temporary existence. 
The young epidermal cells are devoid of chlorophyll and crystals, but 
rich in protein and solanin. The latter, a glucosidal alkaloid, is also found 
abundantly in the meristematic regions of the eyes at the time of renewal 
of growth in the spring. 

The cells of the fundamental meristem enlarge without specialization,, 
the region external to tlie procambium becomes the cortex, the zone 
inclosed by it becomes the pith. 

The cortical parenchyma of the young stolon forms a comparatively 
broad band of tissue, about 9 cells wide and 345 microns in thickness. 
The typical cortical cell is rounded polygonal, slightly elongated or isodia** 
rnetric; its two diameters are, on the average, 81 and 62 microns, respec- 
tively. Near the outer periphery the cells are sometimes collenchymatous 
and have a greater vertical extent. The cells at the inner margin are 
smaller and grade into tlie endodermis. Farther from tlie growing 
region the cells elongate vertically, but often remain isodiametric or 
become broader than deep. After the differentiation of the cortical 
cells from the meristem of the growing region, intercellular spaces form 
between them. These spaces are very narrow and appear in a cross 
section as small triangles. 

vSimultaneous with the formation of these intercellular spaces is the 
of the first visible storage product — starch. The first starch, 
usually in the nature of fine round grains, is found in the cells near the 
procambium; later in larger deposits in other cortical cells. In the 
peripheral cells of the cortex, which are usually devoid of starch, protein 
crystals in the form of cubes of varying size are occasionally found; in 
the mature tuber they occur abundantly. Other cells of the cortex are 
conspicuous by a dark deposit which fills the entire lumen. This deposit 
is granular and consists of small crystals of calcium oxalate embedded 
in the nitrogenous remains of the protoplast of the cell. 

The pith of the young stolon is small compared to the area of the 
cortex. The individual cells are vertically elongated and have a sliglitly 
smaller diameter than the cells of the cortex. Both pith and cortical 
cells are profusely pitted; the pits are minute and arranged in char- 
acteristic groups. Intercellular spaces of the nature found in the cortex 
appear close behind the growing region; starch and crystals, however, are 
deposited only at a later period. 

;The procambium, the progenitor of the vascular tissue, forms a hollow 
cylmder small projections into tlie pith. It is composed of small, 
elongated, thin-walled cells with abundant protoplasm. In their furier 
development these cells either merely enlarge or become highly special- 
ized, formng the elements of the vascular system. The first specializa- 
tion m the procambium becomes evident in the region of the procam- 

mm projections, for, if a cross section of the stolon be examined prior 
to tuber formation, several groups of vascular tissue with gaps separating 



Mar. 1 5, 1924 ' Studies on the Potato Tuber 811 


them are readily recognized, ' ' The groups of vascular tissue form bicol- 
lateral bundles. The xylem, occupying the. middle of' the bundle, stands 
out by the larger size of its elements and the secondary thickenings of 
the cell walls. About equidistant from the xylem internally and exter- 
nally are small groups of thin- walled cells — ^the phloem. The , outer 
phloem groups form a more or less continuous band, limited externally 
by the endodermis and separated from one another by parenchymatous 
cells of irregular size — ^the pericy- 
cle. The inner phloem groups are 
separated from the xylem by thin- 
walled cells which in their entirety 
make up the Markkrone. Inter- 
jacent to the outer phloem and 
the xylem there is a single layer 
of procambium still in meriste- 
matic condition. It becomes the 
cambium of the bundles and later 
gives rise to secondary tissue. 

The entire xylem of the bundles 
is limited to a few annular and 
spiral elements surrounded by un- 
specialized parenchyma. (Fig. i.) 

The first formed protoxylem ele- 
ments occur surprisingly close to 
the apex (PI. 3) in a region in 
which there is much change and 
enlargement in the radial and tan- 
gential direction; these cells must 
therefore be able to accommodate 
themselves to increase in size and 
change in shape. This is made 
possible by their structure. The 
secondary wall is not laid down 
uniformly over the entire surface 
of the primarj wall, but instead 
the secondary thickenings consist 
of rings or spirals. Elongation of 
the surrounding tissue causes the 
rings to be pulled farther apart, 
and as the stretching goes on the 
cells of the protoxylem may be- 
come completely flattened until 
the lumen is almost closed. The 
later formed protoxylem elements 
have thickenings in the form of 
close spirals and scalariform bands. 

These elements are shorter than those formed earlier and are evidently 
developed from more mature initials which had completed their longi- 
tudinal growth. The end walls of the protoxylem elements are sloping, 
occasionally strictly transverse. The elements communicate with each 
other through a single large pore. (Ph 2, E, D.) 

The phloem groups consist of sieve tubes, their companion cells, and 
thin- walled parenchyma. The sieve tube is a long cylindrical cell with 
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end walls strictly transverse. In diameter it' varies between 2 and 9 
microns, in leiigtii between no and 250 microns. Wherever branching 
of' the bundles and anastomosis occur, the sieve- tube segments are 
short and somewhat broader. The sieve tube has a thin protoplasmic 
lining and albuminous content in which small 'Starch grains are occasion- 
ally embedded. After fixation and staining, the content appears as a 
deep-staining shrunken mass — the slime plug. Its nature is not under- 
stood. The companion cell, a sister element of the sieve tube, has an 
even smaller diameter. It is formed from the sieve-tube mother cell by 
longitudinal division followed by transverse divisions. Only tlie com- 
panion cell retains its nucleus; that of the sieve tube disappears at a 
later stage. The companion cells are heavily pitted with the sieve 
tubes and with the phloem parenchyma. The cells of the latter diffier 
but little from the larger sieve tubes in a cross-sectional cut. In longi- 
tudinal section the cells taper at both ends. They do not always remain 
undivided, but two to three cross walls are formed. The pits are very 
numerous and arranged in clusters, simulating sieve plates. But this 
type of pitting is very common in all parenchyma cells and by no means 
limited to the parenchyma of the phloem groups. In cross section the 
phloem parenchyma cells are polygonal with a diameter varying between 
5 and 30 microns; in vertical direction they may attain a length up to 
140 microns. The cells have a thin layer of protoplasm and a nucleus. 
They frequently contain a small quantity of starch and occasionally 
crystal sand. In primary phloem groups tlie proportion of sieve tubes 
and parenchyma cells shows much variation. Ordinarily the paren- 
chyma cells are about twice as numerous as the sieve tubes. In the 
smaller groups, however, especially in the outer phloem, the representa- 
tion of these two kinds of elements is often about equal. Compared with 
the stem the relative number of sieve tubes in a group is larger. 

In close proximity to the primary phloem groups tlie phloem fibers 
differentiate. They are found either solitary, in the form of a tangential 
band, or in small clusters. The pits of these cells are much reduced, 
their slit-like openings either commonly parallel to the vertical axis or 
slightly inclined. They early develop a heavy secondary wall, where- 
upon their content disappears. The secondary wall, however, does not 
become lignified. 

In the young stolon a cambium is noticeable only in the fascicular 
region. The cells are of the general shapev and: size of a tracheid. The 
end walls are pointed; the terminal walls follow an oblique tangential 
course. In radial section the sloping character of the wall is not evident. 

Certain cells in the outer phloem region enlarge without specialization, 
making up in their entirety the pericycle of the stele. These "cellS' are 
polyhedral, sometimes tangentially stretched. The young cells contain 
a large, spherical nucleus and parietal protoplasm. Before long, starch 
grains are deposited, and in the further growth of the tuber these cells 
enlarge and multiply rapidly, forcing the phloem groups farther and 
fartlier apart. ' In the mature tuber, 'as will be seen later, the tissue' out^' 
side the vascular ring is mostly pericyclic tissue in which numerous 
phloem groups are scattered. The procambitim cells between inner 
phloem and protoxylem develop in a similar manner. Their rapid muh 
tiplication causes a deflection of the inner'' phlo'em' 'groups xentripetally 
As the tuber develops, the differences between cells. . of theiMarkkrom. 
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and of tlie pith gradtially disappear tintil it becomes impossible to differ- 
entiate between these two tissues. 

Between the vascular tissue and the cortex,, there is differentiated in 
close proximity to the apex a special layer of parenchymatous cells — 
the endodermis. The cells of this layer are smaller tlian those of the 
cortex, are more regular, and lack intercellular spaces. On the radial 
walls there are hyaline swellings, which stain red with phloroglucin and 
hydrochloric acid. These — the Casparian strips — though usually found 
as a narrow band along the radial walls often broaden out and cover a 
part of the tangential surface of the cell. At a later stage in the develop- 
ment of the endodermis a suberin lamella is deposited over the inner 
wail, which makes the cells more or less impermeable to dissolved sub- 
stances and gases. As the young tuber enlarges, the endodermis is less 
readily detected. The cells with the radial dots become separated by 
cells resembling those of the cortex, and gradually this layer disappears 
altogether, and only vestiges of it are seen in the basal part of the tuber. 
By virtue of its structure the endodermis may be considered as a layer 
of cells which regulates diffusion between two regions of different pres- 
sure, and may be the cause of different pressure. Its primary function 
is probably to restrict passage of water and soluble substances to certain 
channels and to aid in the absorption of water (jy).^ 

MATURE TUBER 

A median longitudinal cut through a tuber shows two zones of tissue — ■ 
a central pith with its lateral branches, and tlie vascular ring surrounded 
on either side by thick storage parench3mia, in which numerous small 
islets of phloem are embedded. The outer covering of the tuber is formed 
by the periderm, a new tissue which has replaced the epidermis of the 
tuber primordium. 

The pith forms the central part of the tuber. It is broadest near the 
middle. In its course it gives off at intervals branches which in the form 
of laterally compressed hollow cylinders communicate with the lateral 
branches of the tuber— the eyes. The relative lengths of these branches 
and the angle which they form with the pith varies greatly, but is, never- 
theless, closely related to the phyllotaxy and the steepness of tlie spiral 
formed by the eyes. The general appearance and tlie size of the pith 
and its branches also varies, but is more or less constant for a given 
variety. The pith either terminates abruptly in the region of the apical 
bud, or it branches out some distance below the apex, each branch com- 
municating with one of the eyes of the apical eye cluster. In either case, 
however, lie terminal bud forms a broad connection with the pith tissue— 
a fact which seems to be related to the time of renewal of growth. 

The cortex forms a narrow band of tissue limited internally by an 
almost uninterrupted circle of phloem groups, externally by the periderm. 
In the young stolon, as has been previously noted, the cortex occupied a 
large area compared vdth the organ as a whole, but in the later develop- 
ment of the tuber the cortex adds but little new. tissue, and hardly more 
than doubles the number of rows of cells in the radial extent. 

The mature cells of the cortex, like those of the pitli, are polyhedral, 
with a median diameter of about 180 microns. The periclinal walls are 
larger, because of the great peripheral growth of the organ. Compared 

* Reference is made by number (italic) to Eiterature cited/* pp. 834-S35, 
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to the cells' of the pith, however, the cortex shows a greater degree of 
specialization. Some of the cells, especially, in the region of the eyes, 
have greatly thickened walls, forming typical stone cells or sclereids. 
'Not 'all varieties develop these stone cells. The peripheral cortical cells 
either abut abruptly on the periderm or form a tran^sition zone three to 
eight cells wide. The cells in this transition region are smaller than the 
typical cortical cells, more elongated, and nearly rectangular. They are 
almost devoid of starch, but contain proteins, especially in the form of 
cubical crystals, and, in the case of colored varieties, also the pigment. 

The epidermis of the tuber primordittm has only a temporary existence. 
Anticlinal walls early appear in certain of the epidermal cells ; later peri- 
clinal walls are also added. Simultaneously with the division of the cells 
of the epidermis, division walls also appear in the subepidermal layer. 
Soon a I'egular cork cambium becomes distinct, and cell division in this 
layer continues until a layer of tissue from 6 to 15 cells wide is produced, 
which assumes the protective function of the epidermis. The cork cam- 
bium, or phellogen, consists of a single layer of cells which divide tangen- 
tially and which constitute the inner row of daughter cells produced by 
the first division of the cells of the hypodernial layer. While most of 
the periderm arises from the phellogen derived from the liypodermis, the 
young tubers contain in addition a superficial periderm derived from the 
epidermis. 

In the young tuber primordium the first periderm cells naturally appear 
in close proximity to the stem end, but soon the periderin extends over 
the entire tuber, and by the time the latter has reached only the size of 
a pea the characteristic number of rows of periderm cells has developed. 
The cork cambium remains active throughout the season, forming new 
ceils to replace those which are sloughed off at the surface as the tuber 
expands. Toss and gain are thereby balanced, and the tuber vShows 
through the various stages of its existence the normal thickness of skin, 
unless seasonal changes constitute a factor which changes the norniai 
development. 

The individual periderm cell is approximately brick shaped; its walls 
remain thin and later become suberized. The cells abut on each other, 
almost invariably without intercellular spaces. Small simple perfora- 
tions are rarely observed (PL. 10, K). . The mature' periderm cell is de- 
void of content. The younger cells contain small granules of tanniii 
and the remains of the nucleus. Occasionally starch grains are found, 
but the latter are small, round, and do not show the striation charac- 
teristic of .the' large grains. In colored vaiieties the periderm cells, con- 
tain the pigment, which, as has been previously noted, is also found in 
the peripheral cortical cells. 

Simultaneously with the formation of the periderm the cells under- 
neath the stomates, which are found widely scattered over the surface 
of the tuber primordium, begin to divide actively, producing a mass of 
loose tissue of roundish cells. Under favorable conditions these cells 
break through the epidermis and proliferate, becoming visible even to 
the naked eye as small white dots. Since the periderm is ciuite imper- 
vious/to. gases, this new structure — -the lenticel (PL' 8, li)— performs" the 
function of aeration. This is facilitated by the shape of the cells and 
by the course of the intercellular spaces which run in radial direction. 

Under certain abnormal environmental conditions it may happen that 
the periderm departs from the normal development. Such a condition 
was observed in Bliss ' Tri'nmph' potatoes grown in IthacapN*. Y'.'TThe 
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tubers were, on the whole, normally developed ; an examination of the 
periderm, however, showed that it differed from the normal in structure. 
The outer rows of cells were greatly hypertrophied (PI. 8, E, D). The 
enlarged cells were found in all parts of the tuber, even covering the 
ienticels. Since other varieties grown under identical conditions showed 
a normal periderm, no satisfactory explanation was forthcoming for this 
abnormal formation. • 

If potatoes are cut and left in suitable surroundings, the surface of the 
cut becomes covered by a new ‘'skin”— a wound periderm. The new 
cells appear in certain places and spread in all directions; the walls are 
laid down in a tangential plane. The cells resemble the normal periderm 
cells and, like the latter, perform the function of resisting evaporation 
and fungus attack. In this capacity the cells of the wound periderm 
appear to be even more effective than the normal periderm cells. Con- 
ditions which affect wound periderm formation have been the object of 
a great deal of investigation. The latest contribution, together with a 
review of the older literature, is by Edson and Shapovalov ( 4 ). 

As the stolon enlarges to form the tuber, the ring of bundles begins to 
lose its definite arrangement in groups, and, since the development of 
parenchyma within the bundles tends to split up the separate groups 
still further, the entire vascular tissue becomes greatly spread out to such 
an extent that the vascular ring of the mature tuber can be compared 
only by analogy with the original one. 

Cambium activity becomes evident even before the stolon tip enlarges 
to form the tuber, but the number of secondary elements thus added is 
conspicuously small, and only under favorable conditions does it attain 
the proportions shown in Figure 6. The secondary xylem cells are large, 
mostly porous, vessels with side walls heavily pitted (PI. 2, E). The 
length of the elements varies greatly wherever the cells have been de- 
flected from their normal course. Separating the radial rows of vessels 
are parenchyma cells homologous with the rays of the aerial stem. 
These cells rarely contain starch and their walls remain cellulose. The 
new phloem elements differ only in size from the cells of the primary 
tissue, and, like the former, they occur in small groups. The paren- 
chyma cells surrounding these phloem groups are smaller than the nor- 
mal storage cells, more elongated, and contain only fine-grained starch. 

In their entirety the tissues so far discussed — ^namely, cortex, pith, and 
vascular ring— form only a small part of the tuber. By far the larger bulk 
of tuber tissue lying between cortex and pith and divided into two 
unequal parts by the narrow vascular ring consists of large polyhedral 
parenchyma cells in which small islets of phloem are embedded. What 
is this tissue morphologically ? An inquiry into the ontogeny of the 
tuber should assist in arriving at a satisfactory solution (fig. 3). 

The first change concomitant with tuber formation is an enlargement 
of the stolon in radial direction. This is brought about by successive 
cell division in the region of the pith. As a result of this localized 
growth, the vascular elements become deflected from their normally 
vertical course and are forced to continue in a more or less oblique 
direction. Simultaneous with division in the pith cells are changes in 
the peripheral cortex. To meet the dilation of the center of the stolon, 
the cells begin to divide radially whenever tangential stretching is unable 
to accommodate the constantly widening circumference of the organ. 
At the same time the cortical cells become filled with starch and occasion- 
ally dark cells of crystal oxalate appear among the white starch cells. 
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Soon after cell division , in the pith is at its height and the above-de- 
scribed changes are going on in the cortex, the pericycle arid the Mark-' 
krone become the regions of greatest growth. ■ The cells of the pericycle 
siirrotiiidiiig the primary groups of the outer phloem begin to divide and 
to enlarge rapidly, and as new cells^ are formed the older ones become 
filled with starch and soon become continuous with the cortex; in fact, 
they appear like wedges of the latter thrust into the zone of phloem tissue. 
However, their appearance, while' the continuity. of the endoderiiiis still 
exists, permits of no other interpretation than that these cells are pro- 
cambial in origin. Gradually, as the result of continuous cell increase 
in this tissue region, the cells of the endodermis fail to keep pace with the 



Fig.: a,— Cross secticm of vascular tissue of mature tuber. . X 73. ■ (.Drawiug is a copy of jvliotoniicrografjh.) 

increasing circumference of the vascular tissue* Gaps appear here and. 
there, gradually widening till finally all traces of this cell layer are lost 
in the starch-filled parenchyma, and only the outer circle of phloem groups 
indicates its former position,' Asn result of' the activ.ity of the pericyelic 
cells, the phloem groups become spread out; the individual strands become 
more widely separated from each other. New groups are formed as the 
tuber enlarges, and, grouped in larger or smaller constellations, they 
appear to tie naked eye as dark dots surrounded by a halo of white 
starch cells. Detailed microscopic study shows the smaller groups to be 
made up of aggregations of the elements found in the ordinary primary 
phloem groups; i. e., a few sieve tubes witti their companion cells and a 
number of conducting parenchyma elements. The cells surrounding 
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the phloem groups are smaller and more elongated than the, storage cells 
and contain only small amounts of fine transitory starch. 

To recapitulate: The tissue outside the vascular ring is composed of a 
narrow cortex analogous to the original cortex of the stolon and a much 
wider area of storage parenchyma containing numerous groups of phloem. 
This tissue is procambial in origin, although very much changed in its 
later development on account of the r 61 e which it is destined to play in 
the function of the tuber as an organ for storage. 

Changes such as take place in the pericycle also proceed in the Mark- 
krone, Rapid and continuous cell division causes here also a spreading 



Fig. 3. — Diagrammatie drawings of radial section of stolen tip ( X9) and mature tuber (normal size) to show 

homology of tissues. 

and deflection of the phloem groups centripetally. The activity con- 
tinues till the tuber is mature. A certain amount of cell division also 
takes place in the region of the primary xylem whereby the protoxylem 
elements become more and more separated from the metaxylem, as seen 
in Figure 2. The band of tissue resulting from such growth, however, 
is inconspicuous. ' 

In the mature tuber the vascular ring approaches the periphery in the 
^ region opposite the eyes, branching out in the buds and bud scales of 
* the latter. The central pith is continuous with the eyes, as can easily 
be seen when a tuber only a few millimeters in diameter is examined. 
When the tuber enlarges and the distance between the peripheral eyes 
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and the center of the tuber naturally widens, the pith retains, its con- 
nection with the eyes and its buds, ' Thus we see in the mature, tuber 
branches radiating from the pith toward the periphery of the, tuber 
(PL I, A. B), In tangential section these branches appear as com- 
pressed hollow cylinders inclosing groups of phloem tissue. These pith 
branches, however, are, not always symmetrical, since, on account of 
irregular growth activity, groups of phloem cells become more and more 
subdivided and spread out, causing a temporary or permanent breaking 
up and subdivision of these pith branches — a condition which becomes 
more conspicuous toward the periphery. In certain varieties the pith 
branches are large and uniform; in others, notably the Triumph, the 
branches are fine and almost indistinct; the cells are almost free from 
starch. The mass of tuber tissue inside the vascular ring is of two 
kinds— the storage parenchyma derived from cell division in the Mark- 
krone and containing groups of internal phloem, and the pith with its 
lateral branches. The degree to which either of the tissues contributes to 
the formation of the tuber varies greatly with different varieties, but on 
the whole the pith occupies a smaller area than does the storage 
parenchyma. 

The structure and growth of the potato tuber has been considered in 
earlier publications, the different writers giving their own interpretation. 

In the growth of the tubei', as in any other organ, two factors are of 
importance — cell division and cell enlargement (PL 4, A, B, C). The 
latter factor is of special significance, since, as Esmarch (5) has shown, 
the cells of the young pith and cortex may increase to 4 times their 
original diameter, thereby increasing the volume to 64 times that of the 
young tissues. Cell division, however, is not equally rapid and extensive 
in the various tissues, and the investigators have been at variance as to 
the relative importance of each. 

De Vries {20) considered most tuber tissue as potentially vascular and 
formed by a cambium, differing from the normal development in that 
almost all of the potential wood matured into thin- walled storage paren- 
chyma. Conclusions from ontogenetic studies of the tuber, as developed 
in this paper, are in harmony with Be Vrieses view that the major part of 
tlie tuber IS procambial in origin, but differ in attributing little activity to 
tlie cambium as such. The position of llie protoxylem (fig. 2) in close 
proximity to the vascular ring shows how very little 'new, tiss^^^ has 
actually been formed by the cambium. 

Reed (15) showed that the tuber is built up by the activity of three 
tissues— pith, phloem parenchyma, and cortex. He clearly states that 
the cells between the internal phloem and the protoxylem begin to divide 
very early, causing a spreading out of the phloem groups. While tliivS is 
in agreement with the writer’s observations, it is difficult to assume that 
numerous cel! divisions occur also in the parenchyma of the phloem 
groups and that through this activity a large amount of tissue is added 
to the growin^g tuber- It appears rather that the phloem parenchyma 
must be considered an integral part of the phloem groups and that its 
cells at maturity do not become storage parenchyma. The cell divisions 
which contribute to the increased size of the tuber must be sought in 
other tissues, and^ as the writer has shown, most likely among the undif- 
ferenriated cells of the procatnbmm. 

J Esmarch (5) regards the enlargement of tlie pith as the chief factor 
in tuber growth. "'He considers the internal phloem' groups to : be , of 
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independent origin and in no way related to the vascular cylinder* 
However, the ontogeny of the vascular tissue, especially of the isolated 
^groups of phloem and their subsequent development, excludes such a 
theory. 

THE POTATO EYE 

The potato eye is a leaf scar with its subtended axil, which contains 
a suppressed lateral bud and undeveloped internodes. The eyes in their 
entirety show a definite arrangement in the form of a spiral (fig. 4), the 
direction of propagation of which is, according to the variety and the 
individual, either right or left. The arrangement of the eyes is thirteen 
ranked, since the fourteenth eye is over the first after five turns of the 
spiral. Each eye contains at least three buds arranged in the form of 
an obtuse triangle and protected by more or less conspicuous scales 
5 )* Often, however, a larger number of buds ate present 'which 
then form a secondary spiral to the left if the main spiral of the eyes is 
dextrorse, or conversely if the latter is sinistrorse. 

The eyes of the tuber vary greatly in size and form, and the difference 
is further emphasized through the influence of environmental factors 



which affect the development of the plant in general. There are shallow 
and deep-eyed varieties, and between the two extremes all intermediate 
types may be found. In a given tuber the lowest basal eye is small and 
inconspicuous; the eyes in immediate succession are larger and may 
protrude. After the first or second turn of the spiral the eyes become 
uniform and characteristic of the variety. The apical eye cluster is 
commonly not in direct line with the main axis, but excentric; tide eyes 
composing it are small and contain fewer buds than those of the body of 
the tuber. There is, furthermore, a variation in the depdi of these eyes. 
Some are very protuberant, but most are quite shallow. 

A median longitudinal section of a stolon tip prior to tuberization shows 
the apical gwwing point with its protective scales and a number of buds 
developing in the axils of scaly leaves (PL 3). As the tuber enlarges, 
new buds are constantly differentiated from the growing apex, while 
the older ones gradually develop to maturity. In this growth and differ- 
entiation the scales, once very prominent, show a decided lag in develop- 
ment, and finally atrophy, leaving a mere scar, the ‘‘brow’' of the mature 
eye. The size and form of the brow is correlated witli the depth of the 
eyes. As a rule, the deeper the eye the more prominent the brow. 
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In structure and tissue dijEferentiation the resting bud resembles a 
stolon tip. The apical region, well protected by overlapping scales, is 
composed of a mass of cells rich in protoplasm. The walls are tliin and 
of ' cellulose except for the "outer wall of^ the epidermis, which is covered 
by a thin cuticle. Since the latter is devoid of a cellulose basis, as shown 
for other plants by Priestley, parasitic fungi which secrete cytolytic 
enzymes can penetrate the cuticle only by force of hydrostatic pressure. 
Where the bud merges into the tuber, differentiation into the charac- 
teristic tissue region takes place and the vascular tissue of the bud and 
bud scales joins the vascular ring of the tuber, which in the region of 
the eyes closely approaches the periphery. Like the vascular ring, the 
pith retains its connection with the lateral members of the tuber in that 
iDranches of the pith continue directly into the eyes. Since all the eyes 
thus maintain a connection with the central pith, sections through any 
part of the tuber show a system of such connecting strands of pith 
radiating from the center toward the periphery. The size and shape of 
these pith connections are similar in tubers of a given variety, and may, 
as will be shown later, serve as a group character. 

With the termination of the growing season, the tuber has completed 
its development; the bulk of the tissue has matured and becomes filled 
with reserve materials, chiefly in the form of starch. Only small, res- 
tricted areas of the tuber, the buds, possess meristematic tissue, ready 
to resume life activity with the completion of the rest period and when 
external conditions permit of cell division and growth. Since the tuber 
is a shoot with indeterminate growth, the central bud is the youngest 
and should normally resume growdh first. However, the prolonged 
state of dormancy which affects all eyes equally should have a leveling 
influence and remove whatever advantage the terminal eye may have 
possessed. Yet the earlier development of the apical buds is a fact, and 
to explain it various theories have been considered. 

Franz (d), in his anatomical studies of the potato tuber, noticed that 
the terminal eye was shallow and not buried in cortical tissue; that the 
cells in the vicinity of the bud contained more water and were richer 
than elsewhere in protein; that the pith formed a direct and broad con- 
nection with the apical bud ; and since the latter was also ontogenetically 
the youngest he concluded that the morphological and chemical differ- 
ences sufficed to account for the earlier development of the terminal eye. 

While the evidence brought forward by Franz may not be contested, 
it must be remembered, nevertheless, that the vascular tissue of the 
tuber, no matter whether it connects to lateral or terminal buds, is at 
best only weakly developed and that the repressive effect of a thick cor- 
tical tissue appears nowhere in evidence. The direct and more massive 
pith connection and the broader point of contact which the terminal eye 
forms with the vascular tissue are undoubtedly advantages which the 
lateral eyes lack. This fact is emphasized by the results of some experi- 
ments of Miss FernaM,® who found a rather definite correlation between 
the osmotic concentration of the tissues around the eyes and the tendency 
for these eyes to sprout. While Miss Femald’s results may explain why 
the basal eyes are inhibited, they in no way explain why the apical eyes 
get the earlier start. The morphological advantages which the apical 
eye possesses over the basal ones, as shown above, seem to offer the 
most reasonable explanation for the observed dominance. 

®FUHNAX.B, Evelyn I. THS ■ inhibition of* BXTB AS" COBBB 1 .ATEB WITH OSMOTIC CONCSN* 

TRAT 30 N. (Title.) /» Amer, Assoc. Ad V. Sci. Program 7eth Meeting, p. 94, 1932. 
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CYTOI.OGICAL STUDIES 

Nucleus and Mitotic Division, — ^Netn& (ii) studied the nucleus 
and division stages in the cells of the root, the stem apex,' and wound 
periderm. He found noticeable differences in the formation' of the achro*' 
raatic figure in the cells of the wound periderm. In the normal division 
there accumulates around the nucleus at the beginning of prophase a ' 
fine granular -substance, in which, at a later stage, two periplasts dif- " 
ferentiate at the poles. As these periplasts enlarge, delicate fibers 
begin to develop from the apex and grow out toward the equator, where 
they unite to form the spindle. When the spindle is formed, the nuclear 
membrane disappears and the chromatin, which during prophase formed 
a peripherally disposed thread, differentiates into chromosomes which, 
after undergoing longitudinal cleavage, arrange themselves at the 
equator. The chromosomes form short thick rods; they number at 
least 36. The nucleolus contains a single central or several vacuoles in 
which small, cyanophyllous granules are precipitated in fixed material. 
The nucleolus disappears with the formation of the equatorial plate, 
although its residue sometimes persists during metakinesis. Often they 
appear again, in the vicinity of the poles, at the end of metakinesis. In 
the cells of the wound periderm the development of the achromatic 
figure differs primarily in that the spindle fibers are not developed from 
a hyaline periplast, but grow directly from the surface of the nucleus and 
parallel to the division axis. The nuclei of the cells of the wound peri- 
derm are at least 30 per cent larger than those of the normal cells, and 
the chromosomes may reach as high a number as 70. 

Since we possess in the work of N^mec an excellent account of the 
nuclear phenomena in the potato, it will suffice here to illustrate the 
principal division figures (PL 5) and proceed to a consideration of the 
types and structure of the nuclei in the various tissues, notably the 
phloem. In the apical meristem of the young stolon all resting nuclei 
are spherical (PL 5, A, B, and PL 7, C), with a mean diameter of about 
12 microns. Each nucleus is composed of a large nucleolus surrounded 
by a hyaline sphere and a homogeneous nuclear substance in which 
diromatin granules of various sizes are embedded. The same type of 
nucleus, although often of larger dimensions, is found in all unspedalized 
parenchyma cells of the tuber. In the cells of the procambium and their 
derivatives tlie nuclei show a great variety of form and structure. 
They are often elongated with ends either blunt or pointed (PL 5, C-G 
and 'PL 7, A, 3 ). , Often they .'-.are- rod-shaped, reaching a length, of'"- 
30 microns or more. Normally there is one nucleolus to a nucleus; 
in the large and elongated forms, however, two or even three nucleoli 
may be present (PL 5, G). 

The nucleus of the young sieve tube is large and fusiform. There is, 
as a rule, one nucleolus; occasionally one or two secondary nucleoli 
are found. As sieve tube matures, the dense protoplasmic content, 
so conspicuous in the young element, becomes limited to a peripheral 
layer, while the nucleus itself gradually disintegrates. In the mature 
sieve tube, where the sieve plate and slime plug are easily recognized, 
a nucleus is no longet present. In a few instances the nucleus has been 
seen to persist 'in' a -more or less. degenerate- form even in the mature 
element 

The protoplasm of the sieve tube initial is granular and homogeneous, 
like that of other, meristematic, cells.- ,■ At .an 'Carfy period,: however, 
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certain structures differentiate out, which, because of their characteristic 
appearance, have recently been the cause of some misconception as to 
their nature and function. This . peculiar type of sieve tube inclusion 
was first observed by Nelson (10) in the potato and other plants. The 
bodies were described as straight or twisted rods witli pointed ends and 
occasionally bearing an attenuate process at one or both ends. The 
true value of the discovery was temporarily marred by an attempt to 
identify these bodies with certain flagellates and ascribing to them a 
probable r61e in the production of the mosaic disease. However, 
although these bodies were wrongly identified and their supposed con- 
nection with the mosaic disease was further invalidated by the fact of 
their occurence in healthy as well as in diseased plants, their discovery 
is not without interest. An insight into their origin and nature was 
much to be desired, and some attention has been given to them in this 
morphological study of the potato tuber. 

The bodies first become noticeable as light staining, looped or undulat- 
ing bands along the inner margin of the cell or, more commonly, adhering 
to one side (PL 7, G). Often the bands are short, pointed and somewhat 
spirally twisted (PL 7, E, H; PL 6, C, B, E) abutting on the nucleus of 
the cell (PL 7, G) or lying next the end wall (PL 6, A, B, E). The 
bodies exhibit an extreme polymorphism, which is very pronounced 
within a single element (PL 7, F). Once formed they appear to retain 
their shape and change only in staining quality. They show at an early 
stage a strong affinity for acid fuchsin (PL i, D) and safranin. When 
carefully stained with Haidenhains haematoxylin, they present dis- 
tinctly a dark staining outer shell and a lighter interior (PL 6, D) , in 
which are embedded dark granules. Old bodies may, however, stain 
uniformly black. 

These structures usually originate in the cytoplasm of the sieve tube, 
yet in some cases their nuclear origin appears indisputable. They are 
abundant in the sieve tubes of the growing apex, but are also found 
in more mature tissue where new phloem groups are developing; they 
are typically a constituent of the young element, since they are not 
observed in ceils with a well-developed sieve plate. Their elective 
power for add fuchsin and their positive reaction in certain microchemical 
tests (Biuret, Millon) show them to be protein in nature. They are 
not typical protein crystals, but rather bodies homologous to those 
described by Strasburger {x 8 ^ p, PL 3) and Mrazek (9) for the 
Papiilionaceae. They are undoubtedly concerned in the metabolism 
of the sieve tube, but their real significance leaves room for much specu- 
lation for which only comparative studies on an extensive scale can give 
a proper basis. 

CHEMICAL CONSTITUTION OF THE TUBER 

Organic Storage Products.— The most important reserve material 
of the tuber is starch, which is deposited soon mter the stolon tip swells 
to form the tuber. The first starch is formed in the cells near the vascu- 
lar tissue, commonly in the form of fine round grains. Somewhat later 
starch becomes noticeable in the cells of the cortex, and finally in the 
pith. The typical grains are ovate, about 40 to 100 microns long. In 
cross section tlie grains are spherical. While the small starch grains are 
more or less homogeneous, the large oval grains have an excen trie hilum 
and show distinct striation. Compound starch grains are occasionally 
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observed in wMcli each comp oneiit has a liiium and striations of the nature 
found in the large individual grains. 

Nitrogenous substances in various forms, as constituents of the proto- 
plasm or dissolved in the cell sap, are found most abundantly in the cam- 
bium, the phellogen, and in the region of the buds; also in the form of 
crystalsin the peripheral cells of the cortex. The protein crystals appear 
very early and can be found even in the tuber primordium. They increase 
rapidly, in number and size as the tuber enlarges, so that in the mature 
tuber more than one may be observed in- a cell. The crystals are always 
cubical in form, but their size varies greatly. The larger and more typical 
crystals have a diameter of 12 microns (PI. i, C). Upon germination the 
cleavage products of the protein crystals form, according to Sorauer, the 
first food for the developing buds. 

A small amount of fat is found in the periderm cells and in the peripheral 
cortex. Inulin is absent, but organic acids — citric, succinic — are present, 
lending the tuber an acid flavor which is apparent even without analysis. 
Sugar is not found in the mature tuber, but becomes abundant upon re- 
newal of growth. 

Crystals.^ — B esides the typical protein crystals described above, two 
other types are commonly observed^ — calcium oxalate, in the form of., 
crystal sand, found in special cells and observed first in the cortex of the 
young stolon. In the older tuber those cells often occur in vertical rows. 
The crystal sand consists chiefly of small crystals of calcium oxalate in 
the form of octahedrons and their derivatives. Together with the cal- 
cium oxalate there is always a protein matrix which remains after the 
crystals have been dissolved by acids. The crystal-bearing cells increase 
in number and appear not only in the cortex but also in the pith. In 
the mature tuber they disappear, but become evident again in large 
numbers in the region of the buds in the germinating tuber. In the 
peripheral cortical cells there are found occasionally crystals of basic cal- 
cium phosphate. These form four-sized prisms with pointed ends* 
however, they appear rarely in pure crystal form and often contain col- 
oring matter. In time of their appearance the phosphate crystals are 
later than calcium oxalate. Sorauer considers calcium oxalate crystals 
a decomposition product of the carbohydrates, and the phosphate crys- 
tals a residue of protein metabolism, 

SoiyANiK-“When a section through an eye is treated with/, alcoholic , 
phloroglucinol, it will be observed that the region of the buds stains a 
deep orange.' The color is' most' intense in the epidermis and in the 
parenchymatous cells inside the vascular cylinder. Simila|iy, when a 
section is treated with concentrated sulphuric acid or ammoiiiutn vana- 
date with sulphuric acid (i part of ammonium vanadate is dissolved in 
1,000 parts of sulphuric acid, prepared by mixing 98 parts of sulphurte 
acid with 36 parts of water), the following color reaction is observed: 
Yellow, red-yellow, brown-red, dark red, violet, fading out. According 
to von Brehmer (2) , who studied the distribution and migration of solanin 
in the potato, there is only one color change, from yellow-red to violet; 
all other colors merely indicate different concentrations of solanitn. Von: 
Brehmer found in Ms studies that solanin can not be extracted with w ater 
and is not held in combination by acids, and suggested that it is held in 
solution by colloidal proteins. Upon germination the solanin content 
diminishes in the peripheral cortex and becomes evident in the elongat- 
ing shoot. Solanin is a glucoside which upon hydrolysis gives solanindin, 
galactose, rhanmose, and, as an intermediate product, a complex sugar. 
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^ It dissolves easil}’' in hot alcohol, slightly in benzol, cold alcohol, and 
Cither. Solanin is found in large quantities in the young tuber; in the 
mature tuber only in the region of the buds. Upon renewal of growth it 
begins to accumulate in larger quantities, and as it gradually disappears 
from the base of the tuber it becomes more evident in the shoot. The 
distribution and formation of solanin suggest that it is important in the 
metabolism of the growing plant. If germination is held back in the 
spring, solanin may accumulate in such quantities in the tuber, as von 
Brehmer has shown, as to be poisonous to man. 

Tannin. — One of the most conspicuous and interesting forms of cell 
inclusions is tannin. In the growing tip it occurs in two forms, as fine 
granules, notably in the older periderm cells, and in the form of spherical 
vesicles in the neighborhood of the buds (PL 8, A, G, and colored PI. 

C). The vesicles occur abundantly in the germinating tuber. They 
color blue with iron salts and black with osmic acid, and of themselves 
may be brown or blue. Their content is either a fine granular substance 
or a homogeneous brown fluid. The larger vesicles, which sometimes 
fill the entire cell, often contain a number of small globules within them. 
Sometimes the vesicles are of a lighter color, or even colorless; some- 
times they form mere refractive drops. Sorauer (17) , who made an 
extensive study of the nature and distribution of these bodies, observed 
that the white tubers contained mostly brown vesicles and that in 
colored varieties a mixture of brown and blue vesicles was found. 


STRUCTURE OF THE STOLON WITH SPECIAL REFERENCE TO FOOD 

CONDUCTION 


In the structure of th^mature stolon the epidermis and the vascular 
tissue merit special cons^ration. In the tuber, as we have seen, the 
epidermis is replaced by m many-layered periderm, while in the stolon 
the epidermis is retained, but its outer walls and cover hairs become 
lignified. In the development of the vascular tissue strength has been 
sacrificed for efficiency in conduction. The xylem forms a continuous 
ring, composed mostly of large porous vessels. The area occupied by 
the outer and inner phloem is relatively greater than that in the stem. 
Sieve tubes are numerous and of a large diameter. The sieve tubes of 
the secondary phloem are especially large and measure as much as 20 
microns in cross section. 

An average-sized stolon bearing a medium-sized tuber had the following 
tissue areas (fig. 6 and Table I) : 


TABi;n I . — Relative areas occupied by the different tissues of the cross section of a 

mature stolon. 


stolon tissues measurOd. 

Area, , 

Per cent of 
! ■ total. ' 

Cross sectional area of stolon. 

Sq. mpt'. . 
2. 130 

'■ • 277''; 

- 239 

. 174 
' ■ • 350 
I. 090 

XOO. 0 

1 

Cross sectional area of outer phloem. 

Cross sectional area of inner phloem 

\ 24.2 

Cross sectional area of xylem. ..... ................... . . 

' ' 8. 2 

Cross sectional area of pith. ... .... . 

i6v3 

Cross sectional area of cortex. 
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Dixon (j) obtained similar figures for the phloem area of potato stolons. 
(A stolon ^1.6 mm. in diameter had a cross sectional area of the phloem, 
of 0.42 ,sq. mm.) From experimental evidence and theoretical considera- 
tions, Dixon concluded that organic substances could not pass through 
the phloem tissue in such amounts as must pass during the active growth 
of the tuber and that it is the xylem which conducts most of the food, 
However, in the stolon the X5dem does not exceed the phloem area, or 
is, at best, only twice the area of the sieve tubes proper. In the tuber 
the xylem is greatly reduced, while the phloem is correspondingly 
increased. For the stolon it may be granted that xylem and phloem 
share equally in the transport of organic substances ; in the tuber, however, 
the phloem and the extensively pitted storage parenchyma are pr obably 
the channels of translocation. 



COMPARATIVE STUDIES 

Differences in the external morphology of the tuber, such as shape, 
color, type of eyes, have been used in the classification of potato varieties. 
It was found., however, that climatic and soil conditions greatly impaired 
the diagnostie value of these characters, and therefore it became neces- 
sary to consider the plant as a whole in the classification scheme. An 
anatomy of the potato tuber would be incomplete without at least an 
attempt at' a study of such internal .characteristics .as might aid in the' 
task of grouping potato varieties or establishing their relationship. Yet, 
if such a study is to be fruitful; the effect of environment, so potent in 
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shaping the external form of the tuber, must be taken into consideration, 
not for one, but for a number of generations. 

In the present study only one generation of plants grown in different 
localities (the States of Maine, New York, Pennsylvania, and Colorado) 
was included. The suggestive results obtained from this preliminary 
study appear to wan'ant further investigations along this line. 

In this comparative study the following terms, as defined, are used 
for convenience only, and are not considered as having strict morpho- 
logical significance: 

Pith: The central region of the tuber extending as an axial strand 
from stem end to apex. 

Medulla: Lateral connections which the pith forms with the buds. 

Cortex: Tissue between cambium and periderm. 

Periderm: The potato skin. 

Stone cells; Cortical cells which possess a thick, lignified wall. 

Pith and MijounuA. — ^The pith forms the axial core of the tuber. It 
varies in thickness, attaining its greatest diameter a little below the 
center. At intervals branches in the form of compressed hollow cylin- 
ders leave the pith, take a more or less oblique vertical course, and con- 
nect each with one of the eyes. These medullary branches attain vari- 
ous proportions, and in cross section exhibit configurations which are 
more or less characteristic of the variety. The medullary branches 
vary in both form and distinctness. To be sure, young growing tubers 
have a less distinct pith and medulla than mature tubers, especially if 
the latter have been in storage for a certain time * yet when examined 
under identical conditions the tubers show differences which are dis- 
tinct and form a constant featiure of the different varieties. In tan- 
gential section the medulla branches appear in the form of open or closed 
horseshoe-shaped areas, and as the radial cut is approached the relation 
of these areas to the pith and eyes can clearly be seen. 

CLASSIFICATION OF VARIETIES 

Medulla distinct and large, antler-shaped; pith commonly large. — 
Cobbler, Rural (PL 9). 

Medulla distinct, either large or small; pith large. — Ohio, Up-to-date^ 
McCormick (PL 9). 

Medulla branches distinct and fine; pith usually smsXl.— Triumph, 
Green Mountain, Rose (PL 9). 

Medulla branches fine; pith either large or small. — Michigan, Hebron, 
Pearl(Pl9). 

Medulla branches indistinct; pith varying in size. — Burbank. 

This classification, based on median cross-section view of tubers, is 
at best only a tentative one. While the medulla configurations are fairly 
constant, the pith is very variable, especially in tubers which are off 
type. Environmental factors appear to be of subordinate importance, 
since marked local variations are very pronounced; in other words, 
tubers grown in Maine and New York, for example, show no more vari- 
ation than those from a given field in either State. 

Cortex,— The cortex forms a narrow band of tissue limited extern- 
ally by the periderm, internally by the cambium of the vascular ring. In 
tlie region of the eyes the cortex becomes narrow and disappears com- 
pletely as the vascular tissue branches out into the buds of the eye. 
Aside from the variations in the region of the buds, the width of the cor- 
tex throughout the tuber shows a more or less oronotmcpHl 
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These differences may be local or affect an entire side, so that one loiigi'- 
tudinal half of the tuber has a broad cortex, the other half a narrow one. 
External irregularities also tend to affect the width of the cortex; but 
an' external swelling may not always indicate a correspondingly wider 
cortex; on the contrary, this tissue in such regions is often narrower 
(PL 9). 

CCASSIIUCAYION OP VABlKTn?vS 


Wide cortex (8-ii mm.). 

Medium cortex (/i-; mm.). 

Narrow cortex (j-0 mm.). 

Hebron. 

Michigan. 

Early Ohio. 
McCormick. 
Up-to-date. 

Burbank (seedling). 

Cobbler. 

Rose. 

Burbank. 

Green Mountain. 
Triumph. 

Rural. ^ 

Spaulding Rose. 


The varieties which are most likely to possess an irregular cortex are : 
McCormick, Hebron, Pearl, and Michigan. In the Burbank group, the 
varieties have a fairly even cortex, except the Burbank seedling,^ which 
shows great irregularities. The latter variety differs further by having a 
broader cortex than the other members of the group. The Green Moun- 
tain and Rural types have as a rule a very regular cortex, though in the 
Green Mountain the width may sometimes vary. Climatic conditions 
appear to influence the development of the cortex, inasmuch as rapid 
growth in the early development of the tuber tends toward the formation 
of a broader cortex. However, it is safe to assume that a wide or narrow 
cortex, if constant in a number of specimens, is characteristic of the 
variety regardless of the external conditions under which the tuber was 
grown. 

Stonu Cxcnns. — ^When tubers of certain varieties are sectioned through 
the region of the bud, large lignified cells are noticed. The occurrence of 
these so-called stone cells is so constant that potato varieties can be 
divided into two classes — those in which stone cells are present and those 
in which they are wanting. While the presenoe of stone cells is a varietal 
characteristic, there is a great deal of variation in their number. The 
Rural group is distinguished by developing stone cells very, sparingly, ancf 
in some varieties, like Heavy . Weight, they seem to be absent altogether., , 


crASSlPlCATION OF VAniiJTlES 


, stone. cells i>resmt. 

Stone cells wanting. 

.Numerous. 

Sparingly developed. 

' ' Feachblow. ■ 

Burbank (seedling). 
Superba Irish. 
Triumph. 

Russet Burbank. 
Rural. 

Rural No. i. 

Carman I. 

Green Mountain. 
Triumph. 

Early Eureka. 

Pearl. 

Charles Downing. 
Carman HI. 

Gold Coin. 

Rose. 

: Heavy Weight. 

1 Ohio, 

j McCormick. 

1 Burbank. 

Hebron. 

',.,R,usset Rural; 
■-W,hiteRose. ■ 
':':$pauMing Rose, 
y 'Russet B.urbank.', 
Cobbler. 


Xaiiift imder which Wilham Stuart ,is carrying ostie of the 'Btirbatilc strains, 




Mar. 15 1924 


Studies on the Potato T uber 


829 


Starch. — The quality of starch is determined by the percentage of 
large grains it contains. The ability to produce a large percentage of 
superior grains is, according to Saare (z6), a variety character, which is 
reasonabiy constant. In the breeding of varieties for a definite purpose 
a knowledge of the starch content of the different varieties might be an 
important factor which would enable the experimenter to make such 
crosses as would be most promising in results. Parow (12) found in 
his studies that in the variety Tannenberg the percentage of superior 
grains was as high as 50, while Weddingen yielded only ii per cent of 
high-quality grains. In American varieties a group classification based 
on the quality of the starch grains could also be easily worked out, espe- 
cially if there exist such striking differences as in Green Mountain and 
Cobbler as seen in Plate 2, B, C. Since material for investigation is; 
not available at present, the information to be gained from such a study 
must be reserved for a future publication. 

THE PERIDERM 

The periderm of the potato has been the object of frequent investi- 
gation, and pictures of its structure may be found in any of the text- 
books on botany. A comparative study of the periderm of different 
varieties, however, began only when differences in the disease resistance 
of certain varieties focused the attention of the pathologist on this 
natural and effective barrier to infection — ^the potato skin. 

More than 50 years ago Sorauer made a study of the structure of the 
periderm of nearly 75 varieties. He made exact measurements of the 
thickness of the periderm, the number of cell rows, and the size of the 
individual cells. He noticed that deep planting tended to produce 
a thinner skin than shallow culture and that fertilization of the soil had 
the same effect. In his infection experiments with late blight he found 
that fertilization and deep planting produced a higher per cent of diseased 
plants and that the red varieties were more susceptible than the white 
ones. From this he concluded that thickness of the skin is correlated 
with disease resistance. A few years later, however, it was shown by 
Ress and Bretschneider that the very thick-skinned varieties were 
even more readily attacked than the tliin-skinned ones, and that thick- 
iless of the skin in itself did not insure immunity. In 1908 Kreitz (7) 
extended the work of Sorauer by making extensive investigations on 
the effect of environmental and soil factors on the structure of the 
periderm. Elreitz found that the thickness of tlie periderm of a given 
variety was not a constant factor, but varied with changes in environ- 
mental conditions. In opposition to Sorauer he noticed that dryness 
tended to produce a thin skin and that the different varieties behaved 
variously. Thickness of the periderm acquired in a new locality would 
be retained for a generation or more, even after the tubers were trans- 
ferred back to their original home. Finally, however, they showed the 
same kind of periderm as they originally possessed. Application of 
fertilizers gave varying results in that potassium and nitrogenous 
fertilizers tended to produce a thin skin, phosphoric acid fertilizers a 
comparatively thick skin. Since the thickness of the periderm in itself 
appears to be no factor in disease resistance, Kreitz suggested that 
ability to regenerate periderm cells in wounded places would be of im- 
portance in preventing infection witli bacteria. In tliis connection the 
work of Appel (x) is of significance. Appel found that in the variety 
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Daber, wliidi is resistant to bacterial wilt, new cork cells a'ppeared 6 
hours after injury, while in the tlim-skimied and siivsceptible variety 
Apollo, new division walls in the periderm formed only after 36-48 hours 
had elapsed. Ltitman (< 5 ") emphasizes the fact tliat it is almost impossi- 
ble to eliminate the personal equation in determining the thickness of 
the periderm, since on the same tuber thin and thick areas are commonly 
found. He noticed that application of fertilizers does not affect the 
thickness of the skin and that varieties resistant to scab have a thick 
periderm associated with a type of lenticel which is close textured and 
par tty buried under the skin. 

In the present study of the structure of the periderm similar variability 
which could not be correlated with the variety or the external conditions of 
growth was encountered. This must be borne in mind in connection 
with the following descriptions of the periderm, as it appeared to be most 
typical in the varieties studied. 

STRUCTURE OF THE PERIDERM IN POTATO VARIETIES GROUPED 
ACCORDING TO STUART (ig) 

CobbeER. — P eriderm normally thick with somewhat rough or scaly 
surface. Layer measures 130-*! 56 microns and is composed of 8-9 roWs 
of cells. Variation in thickness is not infrequent, as can be seen in Plate 
10, A, B, and Figure 7. The cells vary greatly in size and arrangement. 
The radial rows are interlocked and the cells narrow, which gives the 
periderm a compact texture. The average size of most cells is 78 by 13.5 
microns. The transition zone is rather wide and gradual (4-5 rows). 
The cells are elongated, rectangular, or pointed. 

Triumph.— Periderm of medium thickness, covered by a tliin, rough 
crust. Layer measures 130 microns and is composed of 6-7 rows of cells. 
Occasionally as many as 10 rows can be counted, the total width of the 
layer reaching 156 microns or even more. The periderm cells show a 
fairly regular arrangement in radial rows ; the width of the rows, however, 
varies considerably. The average cell dimensions are 82 by 13-15.6 
microns. The transition zone is wide and the change in cell type, is 
gradual. All transition cells are usually narrow and elongated, but near 
the cortex they become oblong or even cubical. (PI, 10 and fig, 8.) 

Michigan.— Periderm of medium tliickness;' surface usualty ' smooth, 
"hut, in, Early. Eureka, rough .and -scaly.- ' Thickness A)f periderm layer. 130 
■m,icrons ;'',: average number' of rows about' p. . . .The, cells ■ are rather uniform 
and show a distinct arrangement in unbroken radial rows. The average 
length of the cells is 85 microns. In Early Eureka the cells are wider, 
measuring on the average 104 microns. The transition to the cortex is 
gradual. (PL 10, D, and fig. 7.) 

RosE.—Periderm of medium thickness and smooth. Layer measures 
135 microns and is composed of 6-8 rows of cells. The cells are arranged 
in even radial rows. The width of the rows varies. There are commonly 
two types of cells — wide ones, measuring 82 by 13-15.6 microns, and very 
narrow ones. There is only a narrow transition zone, but transition is 
nevertheless gradual because the transition cells greatly resemble the 
periderm cells. (PL 10, E, F, and fig. 7.) 

Early Ohio.— Periderm of medium thickness and covered with a thin 
crust. Layer, measures T'17-130 microns "and '.is compos,ed.'Of' 6-8 rows. 
The cells are arranged in even radial rows of elongated, mostly narrow 
cells. The two types of cells measure 78 by 15.6 and 38 by X4.8-15.6 
microns, respectively. - -There is a broad .transition zone; traiisition itself. 
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is very gradual. The transition cells are oblong or pointed (PI. 10, G, 
and fig. 8) . 

Hebron,' — Periderm normally thick, smooth, or covered with a thin 
rough crust. Layer measures 143 microns and is composed of 8-9 rows 
of cells. The rows are usually broad, but the uniformity is broken in 



that narrow rows are often interpolated between wide rows. The larger 
# cells measure, 137 by 14.8 microns, on the average. A narrow but gradual 
transition zone connects the periderm with the cortex, The cells of the 
transition zone are rectangular; as they approach the cortex they become 
oblong or polyhedral (PL xo, H, and fig. S). 
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Burbank. — Periderm very wide and covered with a rough and jagged' 
crust in the Russet types. Thickness of periderm layer is i56-“i69 
microns; average number of rows 7-11. The cells show a fairly regular 
arrangement , in radial rows; the width of the rows, however, varies 
greatly- The mcst ccmmon type of cell measures 78 by 18.2 microns.. 



Fig. 8,-— Semidiagrammatic drawings of periderm of potato tubers. X40. 


Transition to the cortex is effected by four rows of small periderm-like* 
cells (PI. 10, I, J, and fig.' 7). ■' 

Mountain.— Periderm' thin or of ■ medium thickness, covered" 
with thin rough crust. Layer measures 104-12 5 microns, occasionally 
more. Number of rows seven to nine. ' ' The cells are uniform and show 
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distinct arrangement in radial rows. The large cells measure 104 by 
14.8 microns, .the narrow type 52 by 14.8 microns. Transition is gradual, 
but the transition cells resemble those of the cortex rather than the peri- 
derm (PL 10, K, L, and fig. 7). 

Rural. — Periderm thin or of medium thickness, usually more exten- 
sive in the Russet type. The surface is smooth or, in Russet Rural, 
covered with a thick, scaly crust. Layer measures 130 microns, num- 
ber of rows about seven. Though sometimes uniform, the periderm is 
more conspicuous by irregularity of the arrangement of the rows and of 
the individual cells. The most common type of cell measures 91 by 
18.2 microns, but cells as mde as 156 microns are not uncommon. 
The transition to the cortex is narrow and abrupt. The transition cells 
are rectangular, but sometimes elongated and narrow, thus more closely 
resembling those of the periderm (PI. 10, M, N, and fig. 8). 

Pearl. — Periderm thick and covered by a rough thick crust. Layer 
measures 156 microns and is composed of 8-10 rows. Arrangement of 
rows somewhat irregular with much variation in the width of the rows. 
Most ceils measure 91 by 13 microns on the average. Transition zone 
is of medium vidth. The cells are elongated and irregular. Transition 
appears to be more abrupt than gradual (PI. 10, O, and fig, 7). 

McCormick. — Periderm thick and covered by rough crust. Layer 
measures 156 microns and is nine rows wide. The cells show a regular 
an'angement in radial rows of fairly even width. In general the peri- 
derm cells are narrow, measuring only 52 by 18.2 microns. Transition 
is very abrupt; often only a single transition row is present. In the 
Peachblow several rows of somewhat elongated cells are commonly 
found (PI. 10, P, Q, and fig. 8). 

Up-To-Date. — Periderm of var3dng mdth, smooth or covered by thin 
crust. Layer measures from 104 to 160 microns and is composed of 
7-14 rows of cells. The cells show a fairly even arrangement, but the 
width of the rows varies. On the whole the periderm layer has a very 
compact appearance. The most common type of cells measures 78 by 
15.6 microns, on the average. The transition zone is wide; transition 
itself is gradual. The cells of the transition zone are usually much 
elongated (PL 10, R, and fig. 8). 

SUMMARY 

(r) Developmental studies on the potato tuber lead us to conclude 

that: 

(a) The periderm is formed jointly from the epidermis and the hypo- 
dermis. Continuity of the periderm is assured by the development of 
a phellogen arising in the hypodermis. 

(b) The cortex of the tuber forms a very narrow band of tissue between 
the periderm and the outer circle of phloem groups. The cells contain 
the pigment in case of colored varieties; protein crystals, tannins, and 
a small amount of starch. 

(c) The pith forms the naiTOW central core of the tuber, but is con- 
tinuous with the eyes by means of lateral branches. The cells of tlie 
pith are poor in starch and have a higher water content than the rest 
of the tuber issue. 

(d) The vascular tissue: The vascular ring as it appears to tlie naked 
eye constitutes a narrow band of tissue which contains the xylem and 
the secondary phloem. The broad bands of storage parenchyma in 
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wiiicli numerous groups of pliioem are embedded, though procambial in 
origin, appears distinct from the vascular ring and is not the result of 
cambiai growth. 

(2) The morphological advantage which the apical eye possesses over 
the basal ones seems to offer the most reasonable explanation for the 
dominance of the former. 

(3) The nucleus of the, sieve tubes disappears before the elements 
fully matured. The peculiar, protozoan-like structures observed in have 
young sieve tubes are of cytoplasmic origin and have only' a temporary 
existence. 

(4) In a consideration of the chemical constitution of the tuber, the 
protein crystals, the tannin vesicles, and the solanin are of special interest. 
The protein crystals occur abundantly in the peripheral cells of the cortex ; 
the tannin vesicles in the region of the buds, especially at the time of 
sprouting; the solanin accumulates in large quantities in the region of the 
buds, where it appears to be of importance in the metabolism of the 
growing plant. If germination is held back, solanin may accumulate in 
abnormal quantities. 

(5) The phloem of the stolon occupies about 24 per cent of the area of 
the stolon cross section. Its extensive development, in response to the 
apparent need for increased food movement, strengthens the view that 
the phloem is, after all, the most important channel for the translocation 
of organic substances. 

(6) A study of such internal characters as might aid in the task of 
grouping potato varieties or establishing their relationship indicates that 
the presence or absence of stone cells is the only definite character which 
can be used successfully in a classification scheme. 
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PLATE I 


A. — Potato tuber cut to show transverse and tangential surfaces. 

B .—Radial section of tuber to sbow pith connections to bud . The red line indicates 
the location of the xylem part of the vascular tissue. Notice that the xyleni is con- 
fined to a narrow ring, while the phloem is scattered throughout the tuber tissue. 

C. — Cortical cells from region just below a bud. The cells contain starch (violet), 
protein crystals (green) and tannin vesicles (orange yellow). 

D. ' — Protein bodies in sieve tube of young stolon. The cell to the left is a young 

sieve tube containing a nucleus and spiral bodies (spiral bodies and nucleolus colored 
red) . Adjacent to the sieve tube is a companion cell and next to it a large parenchyma 
cell. ^ Drawing^ is a reproduction of a preparation stained with methyl green and acid 
fuchsin according to Altmann. ■ ' ' 
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PLATE 2 


A. — -Longitudmal section tlirou^h vascular ring of mature tuber. X129. 

B. — Starch grains from the variety Irish Cobbler. X123. 

C. — Starch grains from the variety Creen Mountein. XxaS. 

B- — Protoxyiem elements from mature tuber. XiaS* 

E. — Secondary xylem vessels from mature tuber. X125. 



PLATE 3 


Longitudinal section of stolon tip prior to tuber formation. X130. (Drawing is a 
copy of pliotomicrograpb.) 
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Plate 4 


e Potato Tuber 






PLATE 4 


Stages in tli€ development of the tuber. 

A. — Section through periderm, cortex, pericyclic region and vascular ring of mature 
tuber. X45* 

B. — ^The same as in A, except that tuber is only lo mm. in diameter. X45* 

C. — The same as A and B, but tuber is only 2.5 ram. in diameter. * 



PLATE 5 

A. — Section through tuber bud Initial. Xii3- 

B. —Radial section of epidermis and adjacent cortical cells of stolon tip. X5S3. 

C. —Mitotic division in young stolon cells. XS83. 

D. — "Mitotic division — ^late meta- and telo-phase. X583. 

E. — “Mitotic division — ^metaphase. X583. 

F. — Mitotic division — anaphase. X583. 

O.— Phloem cells with elongated nuclei. X583. 













PLATE 6 


A. — ^Sieve tube witb nucleus and slime body. X8oo. 

B, — Sieve tube with slime body and nucleus in metaphase. X 1500. 

C- — ^Two sieve tubes with large nucleus and two slime bodies. XBoo. 

D. — Sieve tube with slime body. Notice that the slime body is not Ijomogeneous 
throughout. X800. 

E. — A more mature sieve tube with a large and small slime body. XBoo, 
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PLATE 7 

A. — Two elongated nuclei from cells of procambium. 

B. — Typical nucleus of immature vascular cell. 

C. — Typical nucleus of the apical meristem. 

B, — Elongated nucleus in prophase, 

E. — CorkscrewHke body of young sieve tube. 

F. — Large aggregate of sieve-tube bodies. 

G. — ■Immature sieve tube with nucleus and. sieve- tube body. 

H. — Sieve-tube body showing difierential staining reaction . Body is in appearance 
and structure not unlike certain Protozoa. 
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PLATE 8 


A. — Taimin vesicles in parenchyma cells of bud. X 74 « 

B. — Cross section of a normal potato periderm. X133* 

C. — Tannin vesicles in cells of cortex, showing inner structure. X 3 i«- 
j) — Cross section of a hypertrophied periderm. X133* 

E. — Cross section of lenticel with hypertrophied periderm. Xi 33 * 



PLATE 9 

Cross and longitudinal sections of mature tubers. Xf*. 
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Cross sections tliTongli tiie periderm of tubers. 

A. — Irish Cobbler 

B. —Irish Cobbler 

C. — Bliss Triumph 

D. —- Michigan. 

B. — Rose 

F. — ^Rose. ' 

G. — Ohio. 

H. -— Hebron 

I. — Burbanh. ■ 

J. — Burbank ' 

K. — Green Mountain, ■ . . , 

L. — Green Moimtam.. 

M. — Rural ' 

N. — Rural 

O. —Pearl 

P. — ^McCormick ■ . . 

Q. — McCormick. 

R. — Up-to-date 
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OCCURRENCE OF THE CURRANT CANE BLIGHT FUNGUS 

ON OTHER HOSTS ^ 


By Nsil E. StevbnS) Pathologist, Fruit-Disease Investigations, and Anna E- Je)nkins, 

Assistant Mycologist, Office of Pathological Collections, Bureau of Plant Industry, 

United States Department of Agriculture 

INTRODUCTION 

In the practical control of a plant disease caused by a fungus it is obvi- 
ously of first importance to know whether the causal organism is confined 
to a particular host or grows, either as a parasite or saprophyte, on other 
hosts in the same locality. In the present paper evidence is presented to 
show that the cane blight fungus, an active parasite on the cultivated 
currant, occurs also on at least two unrelated hosts. 

CURRANT CANE BLIGHT 

The disease of cultivated currants, now generally known as cane blight, 
was first reported more than 30 years ago by Fairchild ^ who found it in 
the Hudson Valley about Highland and Milton, N. Y. Of subsequent 
investigations, the most important is that made by Grossenbacher and 
Duggar® in the same region during the period from 1907 to 1911. One 
of the writers has had this disease under observation since 1917 and has 
made culture and inoculation experiments in various parts of the eastern 
United States. 

The most conspicuous symptom of this disease and the one from which 
its common name is derived is the wilting of the leaves and fruit of infected 
plants. This apparently sudden wilting occurs most frequently during 
the period when the fruit is being matured and is usually caused by the 
girdling of the main stem by the fungus which has grown in from a lateral 
branch. 

Infection generally occurs through a terminal or lateral bud and the 
parasite develops basipetally, invading all woody structures. Young 
shoots which have become infected usually die at the distal ends during 
the same season. The growth of the fungus apparently continues 
throughout the growing season during which large branches or even 
main stems may be blighted at any time. However, as stated above, 
the wilting is usually most conspicuous just before the fruit ripens, 
perhaps because of the greater demands on the moisture supply at 
that time. The disease may be recognized with a fair degree of cer- 
tainty by the peculiar blackened appearance it gives to the wood and 
pith. So far as has been determined, the roots are not infected. 

The disease is known to occur in Massachusetts, Connecticut, New 
York, Ohio, Pennsylvania, New Jersey, Maryland, and Virginia. Cur- 
rants are grown only locally in Maryland and Virginia. The disease is 
very serious in New Jersey and has been an important factor in the 
reduction of the currant acreage in that State during recent years. It is 


1 Received for publication Jan. 27, 1924. 

2 FairchiItD, D. G. notes on a new and destructive disease oe currant canes. (Abstract) Bot. 

Gaz, 1 ' 6 : 262. 1S91. 

^ Grossenbacher, J. G., and , Duggar, B, M, a contribution to the wre-history, parasitism:, and 
BIOLOGY OF BOTRYOSPHAERiA RiBis. N. Y, State Agf, Exp. Sta. Tech. But IS: 115-190, illus. igti. 
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destructiye also, especially during certain seasons, in the Hudson Valley 
of New York and in soutliem Connecticut. Farther north, however, it 
seems to be of much less importance, and has not yet been found to be 
serious in northeni New England or in Canada. The fungus has not been 
found in Alaska, though currants are commonly grown there. 

No effective method of control for currant cane blight has been devel- 
oped.' Systematic cutting out and burning of the diseased parts has,, 
however, served to keep the disease down to a point where currants , are 
commercially profitable even though the disease is commonly present. 

THE CAUSAL ORGANISM 

Grossenbacher and Duggar showed by inoculation experiments that 
currant cane blight was caused by a fungus to which they gave the name 
Botryosphaeria ribis. They also called attention to the frequent occur- 
rence on currant canes of a morphologically similar fungus which is not 
parasitic and which they designated as Botryosphaeria ribis forma 
ackromogena. This form name was chosen because the saprophyte 
lacks the most conspicuous cultural character of the parasite, namely, the 
production on star<ffi paste or other starchy media of a bright pink color 
during the first three or four days of growth. 

The observations of the senior writer as to the causal organism have 
fully confirmed those just reviewed. Currant cane blight seems to be 
everywhere associated with the chromogenic Botryosphaeria, and infec- 
tion with the chromogen is readily secured from inoculations made at the 
right time.^^ On the other hand, the results of inoculations with the non- 
chromogenic form have been uniformly negative. Grossenbacher and 
Duggar consider the two forms motphologically practically identical, tlie 
ascospores measuring 1 6-23^4 by 5-7^ and the pycnospor'es 16-31 ju by 
4.5-S/x. The material examined by the writers varies through somewhat 
wider limits than those given by Grossenbacher and Duggar, perhaps 
due to the fact that it has been derived from a wider geographical range. 
Comparison of our material, however, both with the authentic material 
distributed in Bartholomew’s FtiBgi Numbers 3408 and 3409, 

and with the original slides of Grossenbacher and Duggar now preserved at 
the Geneva Expe,riment Station, a$ well as culture and inoculation work, 
leaves no doubt that the fungus described by them is identical with that 
used in our inoculation work on currant. 

OCCURRENCE OF THE CURRANT CANE BLIGHT FUNGUS ON HORSE- 

CHESTNUT 

Our work on the currant cane blight fungus forms a part of the exten- 
sive studies of the fungi belonging to this group which have been carried 
on for more than 15 years by Shear and his associates.^ During this 
period, as stated by Shear and Beckwith,® fungi which closely resembled 
■ Botryosphaeria ribis morphologically have been secured from several 
hosts. However, although one strain' collected on.Vibumtfm showed 
chromogenesis when cultured on starchy media, no direct evidence of the 
occurrence' of the currant cane blight fungus on hosts other than: Ribes 
sp. was: secured untiTi92 1. ' ' 

■^Gros&bnbachsr, 1. G.,a3idDT7<5GAR,, B, M. OP. err., p. 137. 

*Sh:sak,C. n. ' LiPB HISTORY OP MKi,ANOPS axTBRcijuM ■ (scTEW.) Rbhm porma Vim SACC- (Abstract.) 
Science SI: 74S. 19x0. 

® Shear, C. U., and Beckwith, A. M. xifE histories op meeahops.,, (Abstract.) Bbytopatholow 
109. 1916. 
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In the fall, of that year one of the writers, during a collecting trip 
through the currant-gromng regions of New York, picked from a horse- 
chestnut tree (Aesculus hippocastamim) growing on' a lawn between 
Milton and Marlborough, a dozen or more mature, apparently healthy 
fruits. ^ Not more than 20 feet from the tree was a good sized currant 
patch in which cane blight was abundant. The fruits were collected, 
however, with the expectation that a nonchromogenic fungus of this type 
would develop, as one had been repeatedly secured on several successive 
years from. Aesculus fruits collected in the District of' Columbia. The 
fruits from New York were taken to .Washington and placed in a moist 
chamber for several weeks, when..they becam'e covered with the pycnidia 
typical of Boiryosphaeria rihis. Single spore cultures made from this 
material showred, however, the chromogenesis hitherto associated only 
with the currant parasite. Repeated comparative cultures were made 
and the horse-chestnut fungus proved to be indistinguishable from the 
known parasite from currant. 

Late in December of that year 24 healthy 3-year-old currants of 
the Wilder and Red Dutch varieties were secured from northern New 
York and planted in a greenhouse at Arlington Experiment Farm, Ross- 
lyn, Va. When the plants had reached the stage most favorable for in- 
fection,*^ one-third of them, about 30 in all, were inoculated with the 
horse-chestnut fungus, an equal number with the parasite from currant, 
and the remainder were maintained as controls, that is, were wounded 
with a sterile knife but not inoculated. 

The results were conclusive. Nineteen of the 30 inoculations with 
the fungus from horse-chestnut developed the typical cane blight and were 
dead by the middle of May. Only 16 of the twigs inoculated with the 
fungus from currant developed the disease, but this difference is no doubt 
accidental, as the percentage of infection is as high as that usually secured 
in our previous work out of doors. None of lie control plants became 
diseased. Single spore cultures from the pycnospores which matured 
later on the dead limbs showed that the chromogenic fungus was present 
in every case. All the plants which had been inoculated with the horse- 
chestnut fungus were transplanted during the latter part of June to a 
shaded place isolated from any other currants. 

OCCURRENCl^ OF THE CURRANT CANE BLIGHT FUNGUS ON ROSE 

In October, 1922, diseased canes from a plant of Rosa setipoda growing 
in the rose garden at the Bell Station, Maryland, were referred by the 
Federal Horticultural Board to one of the writers for identification of the 
fungus present. Microscopical examination showed that pycnidia of the 
Dothiorella type were fruiting on the stems, which were severely cankered. 
In cultures on com meal chromogenesis similar to that associated with 
the cane blight fungus was evident after about 24 hours. Single pycno- 
spore cultures were likewise chromogenic. This was the only observation 
of the disease in 1922, but late in March, 1923, a few discolored areas were 
found on the canes of three large plants, one of which was the Rosa seUp^' 
oda plant from which the first collection was made. Pycnidia, bearing 
pycnospores similar to those present on the October material,' were dis» 
tributed over the lesions and from' these the chromogen was again 
isolated. ■ 


OROSsaNBACHSa, J. G., and DtrGGAR, B. M. oP. ciT., p. 137- 
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The cultures from the fungus on rose were indistinguishable from those 
of the cane blight fungus and the pycnospores were also in a^eement with 
those of Botryosphaeria ribis. Therefore it seemed very likely that we 
were again dealing with the currant blight fungus, on another unrelated 
host. Moreover, on the rose the fungus was apparently parasitic. Ac- 
cordingly, it was planned to conduct inoculation experiments with roses 
■as well as currants. 

The inoculation experiments on currant were conducted as described 
above for the material from horse-chestnut, except that 2-year-old cur- 
rant bushes were used, and no parallel inoculations were made with the 
fungus from currant. Cultures made from a single pycnospore were used. 
More than half the twigs inoculated with the rose fungus developed typical 
cane blight and reisolations showed the presence of the chromogenic 
fungus in every case. The controls remained healthy. 

PARASITISM OF CURRANT CANE BRIGHT FUNGUS ON ROSE 

For the inoculations on the rose, 12 potted plants of the variety Colum- 
bia (Hybrid Tea) which had been propagated from cuttings were used. 
On April 2, 1923, 4 of the plants were inoculated with subcultures from 
those used in the currant inoculations, 4 with cultures made from the 
specimens collected in March, while the remaining 4 plants were kept for 
controls. The method of making the inoculations was the same as for 
currant. About two weeks after the inoculations were made all of the 
inoculated plants showed infection and the imperfect stage of the Botryo- 
sphaeria was fruiting on some of the stems. A week later the foliage 
above the point of inoculation had become yellowish green and was be- 
ginning to wilt, and by the last of the month it was dead and dry (PL 2). 
The controls remained healthy and the wounds which had been made 
in the stems by the sterile scalpel had healed. The perfect stage of the 
Botryosphaeria was observed on a number of the infected plants two 
months after the plants were inoculated. Cultures made from the asco- 
spores, as well as the earlier reisolations from infected stems, were chro- 
mogenic and produced the imperfect stage of the fungus in about three 
weeks. Thus the patliogenicity of the fungus on the rose was established. 

When the rose garden was again visited late in June a number of plants, 
including the three on which the cankers were present in March, were 
found to be severely infected. Many canes 6 or 7 feet in height were 
killed to the ground, the brown, withered foliage being still attached. 
The pycnidial pustules of the Botryosphaeria were fruiting abundantly 
" on these blighted stems and on one of the specimens brought to the labor- 
atory ' immature^ perithecia were present. 

On October 25 another survey of the garden was made and the disease 
waS' O'bserved on : still other ^ varieties. The perfect stage of the fungus 
was fruiting abundantly on many of the specimens taken at' this time 
and single ascospore isolations developed the typical chromogen. On this 
date, the Botryosphaeria was collected for the first time on an American 
species, Rosa pratincolar Otherwise the disease has been observed only 0,11 
rose, species '.from .China or their hybrids, as. follows: R, .adenosephala, R. 
banksiopsis X , J?. beila' X ^R.bella X moyesii^R. caudata, R, heritierana^ R. 
moyesiiyR. moyesii X canina, R. multabracteata X yR, setipoda, and a num- 
ber, of other' varieties. There is nothing to indicate, however, that the 
" fungus itself "was imported from .China. Cane blight occurs commonly on 
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currants in the near neighborhood, from which the fungus might easily 
have spread to the roses. 

The symptoms produced by the currant cane blight pathogene on the 
rose differ somewhat from those on the currant. In some cases the entire 
cane is not blighted and the lesions remain as ' definite ' cankers on the 
stems (Pi. I A, B, E). The small pimple-like fruiting bodies of the fun- 
gus are distributed over the surface of the cankered bark which is of a, 
characteristic “seal brown” ® color. The region surrounding the lesions is 
often “vinaceous brown” shading to “dark Corinthian purple” next to 
the edge of the canker. Recently blighted canes, upon the development 
of the fruiting structures of the fungus, become speckled with slightly 
raised golden brown dots (PI. i, C). As the fungus develops, consider- 
able areas may present this golden brown color which, with the natural 
sheen of the bark, makes the cane appear as though gilded. These sur- 
faces later become dull, owing to the further development of the dark 
stromata beneath. In some cases the two shades of brown are arranged 
more or less concentrically as shown in Plate i, D. The diseased canes 
may become so swollen that the bark is roughened and split longitudinally 

(PI. b E). 

The manner in which the pathogene gains entrance to the rose is not 
knowm but it seems very likely that infection usually occurs through a 
bud or young shoot from which it passes to the main stem (PI. i, A 
and B). Small lesions have been observed, however, where no buds, 
shoots, or visible abrasions were present. As in the currant, the fungus 
evidently penetrates all parts of the stem, having been isolated from both 
the cortex and wood in which the mycelium occurs intercellularly. 

IDENTITY OF THE FUNGI FROM THE THREE HOSTS 

Until the autumn of 1923, comparisons of the chromogenic fungi from 
horse-chestnut, rose, and currant were based on cultural characters, 
pycnospore size and their parasitism on currant. During July of that 
year, however, ascospores developed on the inoculated rose plants, and in 
September and October mature ascospores were found on the currants 
which had been inoculated with the fungus from rose and from horse- 
chestnut, respectively. A careful comparison of the material from the 
various hosts was now possible. 

In Grossenbacher and Duggar's description of the currant cane blight 
fungus, the stromata are described as being 1-4 mm. in diameter, usually 
2™3 mm. The perithecia measured 175-250/x in width. The asci were 
80“i20iLt by i7--20jLi and the ascospores 16-23JU by 5“7/x. They describe 
the pycnidia as having about the same size as the perithecia, and the 
pycnospores as measuring 16-3 1 ju by 4.5-8/^. 

The perithecia of the fungus which developed on currant and rose 
from inoculations made with material from the various hosts, were of 
practically the same size and agreed ' closely with those of the parasite 
which had developed from natural infections, although because of the 
relation of the perithecial wall to the surrounding tissues' of the fungus, 
it is difficult to make accurate comparative measurements,, 

' Measurements of over 200 ascospores of the currant cane blight fungus 
from various localities gave a range in- size from 14.-27 pi by s^ioju, though 

sRsogway, R. , coi^oR standards and coi-OJt NOMeNCi^ATURE. ' 43 P*» iU^s. , WashingtoD,, D. C- 
391a. 
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tte great majority of tlie spores were within 16-23/i by 6-8jU. From 25 
to 50 ascospores were measured from each of the following sources : Rose 
from natural infection, rose from inoculations witli fungus from rose, 
currant from inoculations with fungus from rose, and ciiiTant from inocula- 
tions with fungus from horse-chestnut. In all cases the spores agreed 
closely in size with those from currant. The extreme range was from 
1 5-2 5 /i by ,5-iOjce, but the spores fell mostly within the limits 17-2 2 ju 




Fig. i.--SmiidiagTammatic section tlaxoiigli single mature perithecitam of currant cane blight 'fungus 
A, on currant, B, on rose. Note greater amount of stromatic tissue about perithecinm ’ which developed 
on currant. The host tissue is indicated by heavier lines. ' Both peritheda resulted' from' inoculations 
, made with suboiltures from the same, pycnospofe.- ■ X 140. . 

by 6-8/1. The pycnospore measurements were equally satisfactory. In 
about 200 spores measured, the- range was 14-31.5/1 by 4~-7.5/x, mostly 
18-23/1 by 5-7/1, the pycnospores.- from the various hosts being in close 
agreement.; 

... 'The size of the . stromata was much more variable and is apparently 
directly influenced by the thickness and , character of the bark within 
which , they grow.. The writers, have, observed on a single currant -bush 
perithecial stromata of this fungus which varied in size from about i by 
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2~3 mm. on the smaller brandies to 3”3-5 by. 5-8 mm. near the base of the 
older canes where the bark was 2.5 mm. in thickness. Moreover, the 
host apparently affects to some extent the amount of stromatic tissue 
which develops about the perithecium. In the present study it was 
evident that the perithecia which matured on the inoculated rose plants 
had associated with them much less stromatic tissue than those which 
matured on inoculated currant plants (fig. i,-A, B). That the inoculum 
was identical in the two cases is assured by the fact that subcultures 
from a single ascospore culture were used in both cases. This observa- 
tion alone would suggest that mere size of stroma is an unreliable character 
for the identification of species in this group. 

SUMMARY 

Currant cane blight is now known to occur in Massachusetts, Connecti- 
cut, New York, Ohio, Pennsylvania, New Jersey, Maryland, and Virginia, 
but is less severe in the northern portions of this region. 

The disease is caused by a fungus to which the name Botryospkaeria 
ribis was given by Grossenbacher and Duggar, who first demonstrated 
its pathogenicity. 

A fungus identical morphologically and in cultural characters with the 
currant cane blight fungus has been collected by the writers on horse- 
chestnut and rose. 

Inoculations on currants with the fungus from both these hosts have 
produced typical cane blight. 

The fun^s is apparently parasitic on several varieties of cultivated 
roses, and its pathogenicity has been established by inoculations on at 
least one variety. 

The size of the stromata in this fungus is apparently directly affected 
by the thickness of the bark in which it develops as the stromata are 
smaller in thin currant bark than in thick bark, and uniformly smaller on 
rose than on currant. 

In view of the agreement of the fungi from the different hosts in cul- 
tural characters, morphology, and parasitism, the conclusion seems amply 
warranted that they are identical, and that the fungus hitherto known 
only as the causal organism of currant cane blight does actually occur on 
other hosts. 



PLAl'E I 


Portions of rose canes affected with ribis O. & D. 

A, B.-— Cankers as observed on March 21, 1923. The causal parasite has apparently 
entered through the small shoots at the center of the lesions. 

C, D.— Blighted canes on June 28, 1923. The pycnidial pustules of the fungus 
appear as lighter colored areas distributed over the surface of the bark. 

E. — Cankered portion of a cane of Rosa seiipoda showing enlarged stem with the bark 
very touch roughened and broken. Specimen received from the Federal Horticul- 
tural Board, October, 1922, 
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PI.ATE 2 


On the right, rose plant of the variety Columbia four weeks after inoculation with 
Boiryospkaeria rihis G. 8c B. The midrib of a leaf from the healthy branch crosses 
the main stem near the point of inoculation. Control on the left. 




ELEMENTAL COMPOSITION OF THE CORN PLANT ^ 


By W. L. h ATSn AW, A nalyiical Chemist, Department of Chemistry, and E. C. Miller, 
Plant Physiologist, Department of Botany, Kansas Agricultural Experiment Station 

INTRODUCTION 


Our knowledge concerning the elemental composition of many of the 
more common agricultural plants is rather limited and fragmentary. 
The data on this subject have been obtained frequently from material 
that has been collected under no stated conditions and the earlier deter- 
minations are now open to criticism on account of the questionable 
accuracy of the methods of analysis employed. An accurate elemental 
anaht^sis of a few mature plants of a given crop grown under well-defined 
conditions of soil and climate should furnish data from which the amount 
of the various elements removed from the soil by the crop could be fairly 
accurately estimated. For this reason it was thought advisable, in 
some of the experimental work with corn at the Kansas Agricultural 
Experiment Station, to make an elemental analysis of the plant. With 
this in view material was collected from mature Pride of Saline com 
plants grown in the field at Manhattan, Kans., during the summer 
of '1920. 

CUETURAL methods 


The plants used in this experiment were gro\m on plots that had 
been continuously cropped to corn for about 10 years. The soil w^as a 
fertile sandy loam and showed little difference in texture in the first 
p. 4 feet. The ground was plowed to a depth of 6 inches in the late fall 
and received no other cultivation until the following spring, when it 
was worked into good condition just previous to planting* The seed 
was surface planted on May 12 in rows 42. indies apart, and after the 
plants had reached a height of about 3 inches, they were thinned in' the. 
row to a distance of 2 feet between each plant. The plot was kept free 
from weeds by hoeing, and idth the exception of a shallow cultivation, 
r on June 3 the soil was not stirred during the growing season. Since no, 
'"'^visible signs of wilting were evident at any time during the summer, it 
is assumed that the supply of, water in the soil was adequate. A sum- 
mary of the general climatic conditions prevailing during, the growing 
season is. given in' Table I. 


I Received for publication Mar. i, 1934. Pubiished with the approval of the Director as paper No. 319, 
Department of Botany., and paper No. 106, Department of 'Chemistry, IDansa^ ' A^cultt^ EsCperimeat 
Station. 
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Table I. — Sum-mary of ike climatic conditions at Manhattan, Kans.,, for the growing 

season of IQ20 


McfnlLh. 

Days 

(inclusive). 

Air temperature F.), 

Precipi- 

tation. 

Evapora- 
tion from 
freewater 
surface. 

Average of — 

Maxi- 

mum. 

Mi,ni~- 

mum. 

Mean. 

Maxi- 

mum. 

Mini- 

mum. 








JncMs. 

Inches. 

Mav 

1-5 

61 

71 

51 

74 

42 


0. 568' 

Do 

6-10 

61 

73 

50 

83 

46 

0. 64 

■ 783 

Do 

ir-15 

59 

68 

SI 

81 

40 

■'25 

• 713 

Do. 

16-20 

61 

72 

51 

8s 

45 

.04 

• 591 

Do 

21-25 

70 

79 

61 

88 

47 ' 

. 48 

. 801' 

Do 

25-3 1' 

69 

79 

58 

92 

54 

• 17 

. 8ic- 

|tme 


65 

77 

54 

82 

40 

.34 

1. 077 

Do,. .... 

6-10 

78 

90 

67 

98 

S8 


I. 405- 

Do. . . . . 

11-15 

84 

96 

73 

99 

72 


I. 983 

Do. .... . 

16-20 

68 

78 

59 

91 

.ts 

. 04 

I. 253 

Do 

21-25 

70 

87 

55 

90 

47 

.76 

I. 418 

Do 

26-30 

84 

79 

61 

98 

69 

.82 

1,776. 

July......... 

1-5 

S3 

96 

70 

100 

61 

.02 

I- 339 

Do 

6-10 

71 

8S 

57 

89 

54 

•15 

I. 422 

Do. . . . . . 

11-15 

77 

90 

65 

95 

55 

I. 02 

I. 520 

Do, 

16-20 

79 

93 

65 

97 

61 


I. 290 

Do.. . . . . 

21-25 

82 

97 

67 

105 

63 


I. 725. 

Do — , . 

26-31 

72 

85 

59 

94 

51 

3 - 64 

I. 143 

August ..... 

' i “5 

74 

86 

63 

90 

58 


I. 128.' 

Do...... 

6-10 

79 

94 

61 

96 

57 


I. 080 

Do 

ii-iS 

70 

84 

56 

90 

47 

. 12 

I. 233 

Do.. 

16-20 

71 

87 

53 

91 

48 

5- 18 

• 8 S 7 

Do. 

21-2,5 

68 

79 

58 

85 

SI 


[ I. I 73 '' 

Do...... 

26-31 

73 

84 

62 

92 

56 

.87 

1 1. 306, 


COLLECTION AND PREPARATION OF MATERIAL 


STEMS, LEAVES, AND GRAIN 

Eive plants were selected and ' harvested on September 2, 'when the- 
grains were in the late-dough stage and were well glazed and dented 
(PI. I, A). At this stage of development it was thought that the plants 
had removed from the soil most of the minerals of which they were^ 
capable, although there would probably be some slight rearrangement 
of materials in the various plant parts before full maturity. Further- 
more, at this stage the leaves were' all. attached to the plants (PI. i, B)' 
and green, so that little or no material had been lost from them by leach- 
ing. It is worthy of note that a gentle rain fell during the night of 
September i, so that the leaves and stems were especially' free 'from 
any adhering dirt when they were harvested. The prants,, were' cut off* 
at the surface of the. ground and their green weight at once determined. ; 
A general description of each of the five plants at the time of harvesting: 
is given in ' Table IL , 

As soon as the green weight . of each plant was determined, the , stem, 

. leaves-, and grain were separated, ground or cut into convenient pieces, -■ 
'-'andplacedinahot air drying oven at 105® C. for 24 hours. ' , Thematerial 
wag,' then transferred to glass jars and sealed until it, was ready to be- 
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ptiiverizecl for dieinical analysis* In the preparation of material the 
htssks were placed with the leaves and the tassel with the stem. The 
cobs of the five plants were ground together and the analysis made of 
this mixture, so that the variation in the composition of these organs 
was not determined. 


Tabcs IL — General description of the five corn plants ai the time of karvesimg 


Plant No. 

Total 

green 

■weight. 


Dry weight a 

E— 

Per- 

Height 

of 

plant. 

Dength' 

of 

ear. 



Num- 
ber of 
leaves. 

Entire 
plant, 
exclud- 
ing the 
roots. 

Stems 

and 

tassel. 

Deaves'* 

and 

husks. 

Grain. Cob. 

centage 

of 

mois- 

tuie 

in 

plant. 

i 

i Grams. 

Grams, \ 

Grams. 

Grams. 

Grams. Grams. 


Inches. 

Inches. 


I. .. i 

2 , 540 

776.3 I 

154- 3 

209.4 

320. 0 92. 6 

69- 4 1 

102 

12 

15 

2 j 

2.923 

791. I 1 

19 1. 2 

252,4 : 

272.2 75.3 

72-9 : 

96 

^3 

16 



2,277 

659-5 i 

161. 0 

195.8 

i 232. 0 70. 7 

71. 0 

lOI 

12 

14 

4 

2, 716 

745 - S i 

I 233. 0 

235-5 

1 212.0 65.3 

72-5 

108 

II 

14 

S 

3? 095 

899-3 

i 263- 5 

279. 7 

1 268. 8 87. 3 

70.9 

120 

^3 

17 

Average . 

2,710 

i 774.4 

i 

i 200. 6 

234.6 

i 261. 0 '/k 2 

i 

71.4 

105 

12 

n 


Incltsdrag sheaths. 


ROOTS 

It is practically impossible to collect all of the roots of a corn plant 
grown under crop conditions in the field since one is mnable to dis- 
tinguish or separate the finer roots that are interwoven with those 
of the adjacent plants. In order to obtain the entire root system, 
plants of tie same variety of corn as that grown in the field were grown 
singly in soil in large galvanized iron cans. These cans contained 
a sufficient volume of soil to grow plants to maturity that in appearance 
were the equal in every regard of those growing under the conditions 
of the surrounding field. The methods used in growing plants in such 
containers have been previously described by Miller { 8 , gY and will not 
be discussed here. When the plants in the cans had reached maturity, 
the aerial parts were harvested and discarded and the roots collected 
in the following manner: The soil contained in the can was emptied 
upon a cleared space and the larger roots removed by careful sorting. 
The soil with the smaller roots was then placed in vessels and covered 
with a large excess of water which was stirred vigorously until the soil 
'had disintegrated into fine particles. As. soon as the stirring ceased, 
the soil settled to the bottom of the vessels while the remnants of roots 
floated to the surface and were removed by skimming with a. fine sieve. 
The process was repeated several times until all the roots had been 
separated from the soil. The roots thus- obtained were washed carefully 
until, in so far as could be seen, they were free from all soiTparticles, 
dried in a hot-air oven at 105° C. for 24 hours, and: stored in sealed jars 
until chemical analyses could be made. A representative root system, 
' of , one of the five obtained after this manner is shown in Plate,; I, ;C. ' 

* Reference is made, by u.uxnber {italic) , to “Literature cited, ’Vp, . '859, . 
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CHEMICAL METHODS 

The chemical' determinations of the various elements with the exception 
of sulphur and phosphorus were made, in ■general, according to the 
methods for the analysis of plant material recommended by the Associa- 
tion of Official Agricultural Chemists. The sulphur and phosphorus 
were determined after the following method described by Latshaw (7). 
One to two grams of the sample, or a sufficient amount to give a precip- 
itate of not less than 30 mgm. of barium sulphate, were weighed into a 
250 cc. low form Pyrex beaker. To this were added 7.5 cc. of a magnesium 
nitrate solution, ^ care being taken that all the material was brought in 
contact with the solution and heated on an electric hot plate (180° C.) 
until no further action took place. The beaker was transferred while 
hot to an electric muffle and allowed to remain at low heat (muffle not 
showing any red) until the charge was thoroughly oxidized and no black 
particles remained. If necessary, the charge was broken up and again 
returned to the muffle. The beaker was removed from the muffle and 
allowed to cool. Water was added, then hydrochloric acid in excess, the 
solution brought to a boil, filtered and washed thoroughly. This solution 
was then diluted to 200 cc., heated to boiling, and a 10 per cent barium 
chlorid solution added in small quantities until no further precipitate was 
formed. The boiling was continued for five minutes, after which the 
liquid was allowed to stand for five hours or longer in a warm place. 
The liquid was then decanted on an ashless filter or a tared Gooch crucible 
previously heated, the precipitate treated with 15 to 20 cc. of boiling 
water, transferred to the filter and washed free of chlorids with boiling 
water. The precipitate was ignited and weighed as barium sulphate. 
The filtrate obtained in the sulphur determination was evaporated . to 
75 cc. and the phosphorus determined by the method recommended by 
the Association of Official Agricultural Chemists. 

The figures in the various tables representing the amounts of oxygen 
include the oxygen obtained by the usual procedure in organic analysis 
plus the oxygen that was a part of the various mineral elements of the ash 
when' they were converted to their oxids. The figures thus represent " 
the oxygen of both organic and inorganic combination. 

The determinations were all made in duplicate or triplicate and' when- 
ever any striking differences appeared in the analysis of the individual 
plants a careful redetermination was made to verify tlie results. Any 
marked differences recorded in the composition of the same organ of the 
different plants are due to individual variations and not to discrepancies ... 
in the' chemical methods used, 

DISCUSSION OF EXPERIMENTAL DATA 

In order to determine the variation in the composition of the different 
plants and their organs a separate -analysis was made of the leaves, stem, 
and grain of each of the five plants.- -A separate analysis was also made of 
each' of the five root systems.' ■ Determinations, were made fo't carbon, 
oxygen, hydrogen, nitrogen, phosphorus, potassium, calcium, magnesium, 
sulphur, iron, silicon, aluminum, ■'■chlorin, and nranganese. The amount 
of each of the elements that compose the leaves, :stem, and gram-, -of '".each 
of the five plants is, expressed in .percentage of . dry weight and'""in the-^^ 
actual amount, in grams,' in .Table., III. ' 

® Made by dissotviag 33-0 of calcmed. magaesia in nitric add, avoiding an excess of tbe latter. Cal- 
ciaed, .magnesia is then added slightly in excess, the solution -boiled, filtered from the excess of' magnesia, 
iron alnminia, etc., and diluted tO' two liters, . 
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In Table IV the composition of the five root systems is expressed in 
the same manner. The data in Table III shows a striking uniformity in 
the elemental composition, expressed in percentage of dry weight, of the 
leaves, stem and grain of each of the five plants analyzed. The only 
marked exceptions in this regard were the rather wide variations in the 
percentages of oxygen and chlorin. This was true, however, only of the 
stems and leaves since the percentages of. these two elements in the grain 
were very uniform.' The percentages of several of the mineral elements in 
the five root systems showed considerable variation which may have been 
due, in part, to the unequal distribution of minute particles of soil adliet- 
ing to or embedded in tibe exterior tissue of the roots. 

Although the percentage elemental composition is uniform in a like 
organ of the different plants, the actual amount of a given element 
expressed in grams varies considerably, as shown in the latter part of 
Table III. This is due to the fact that plants which are grown under 
the same conditions in the field and which seem to be uniform in size and 
general appearance show marked \mriations in dry weight and in the 
distribution of this matter in the various organs of the plants. 

DISTRIBUTION OF THE ELEMENTS IN THE ORGANS OF THE PLANT 

The total dry weight of the leaves, stem, grain and cobs of each of the 
five corn plants analyzed was 776.3, 791. i, 659.5, 745-S and 899.3 gm., 
respectively. The average amount of dry matter in the aerial parts of 
the plants was thus 774.4 gm., of which 30.2 per cent was in the leaves, 
26 per cent in the stem, 33.7 per cent in the grain and lo.i per cent in 
the cob. This proportion of dry matter in the various organs corre- 
sponds closely to the observations of Smith (i i) on corn grown in Michi- 
gan. He found that 22 per cent of the dry matter of the plant above 
ground was in tlie leaves, 32 per cent in the stalks and 46 per cent in the 
ears. Table IV shows that the dry weight of each of the five root systems 
isolated was, respectively, 59.5, 62.4, 60.7, 53.9, and 66.0 gm., with an 
average weight of 60.5 gm. The weight of the dry matter of the roots 
was thus 7.81 per cent of the dry weight of the leaves, stem and ear. 

■ The weight of the roots obtained in this experiment is in accord with 
unpublished data that have been obtained in numerous expeiiments 
with the corn plant at the Kansas Agricultural Experiment Station. 
These data show that the dry weight of the roots of a mature Freed 
White Bent, Kansas Sunfiower, Reid Yellow Dent or Pride of Saline 
com plant was between 7 and 8 per cent of the dry weight of the portion 
of the plant above ground, 

' The values for the weight of the dry matter of the roots of com are 
much higher than those given by Homberger (j) and Schweitzer (10). 
Their results show that the dry weight of the roots of mature com plants 
grown in the field did not exceed 3 per cent of the dry weight of the 
plants. They state, however, that the methods used by them to isolate 
the root systems were unsatisfactory since there was no degree of cer- 
tainty that they had obtained all the roots. 

The average percentage composition of the different organs of the 
five, plants is shown in the first half of. Table .,V. The average weight 
in grams of the elements that compose, respectively, the stem, leaves, 

I- grain, cob., and roots is shown, in the last; half of Table V. ■ These .values., 
expressed in grams were obtained by multiplying the average weight of 
the organs by their average percentage composition.' ' The total weight 
of each of the elements that make up the mature plant is expressed",., 
graphically in ' Figure .1 . 



TabI,B lll.—Elemenial campodtion of the leaves, stems, cobs, and grain of five Pride of Saline corn plants grown m the field at Manhattan , Kans.,tn igeo 
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Elemental Composition of the Corn Plant 


•Relative amount of tfae elem^cntc. that crmpcxsed tbe'dry^ matter of Pfide of Sahne com' grotw' 
at Manhattan, Kans, in is>ao. 


WEIGHT IN GRAMS 


MINERAL ELEMENTS 


269 







Tabi,e V.— Average amount of the elements in the leaves, stems, cobs, grain, and roots of five Pride of Saline corn plants grown at Manhattan, 

Kans. f in 1920 
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Taking the average dry weight of the aerial parts of the plants as 774»4' 
gm. and the average dry weight of the roots as 60.5 gm., the average total 
dry weight of a Pride of Saline corn plant grown under the conditions of 
this experiment amounted to '834.9 gm. Of this total amount of dry 
matter 28.10 per cent was in the leaves, 24.02 per cent in the stem, 31.26 
per cent in the grain, 9.37 per cent in the cob and 7.25 per cent in theroots. 
Of this total dry weight of the com plant, carbon composed 43.62 pet'' 
cent, oxygen 44.48 per , cent, hydrogen 6.24 per cent, nitrogen 1.46 per 
cent, phosphorus 0.204 per cent, potassium 0.919 per cent, calcium 
0.226 per cent, magnesium 0.182 per cent, sulphur 0.169 per cent, iron 
0.085 per cent, silicon 1. 17 per cent, aluminum 0.107 cent, chlorin 
0.145 per cent and manganese 0.032 per cent. Approximately i per 
cent of the total dry weight was thus to be accounted for by the unde- 
termined elements of which, no doubt, sodium represented a considerable 
proportion. Carbon, oxygen and hydrogen made up 94.34 per cent of 
the dry weight of the plant. Since 1.46 per cent of the dry matter of 
the plant was due to nitrogen, the mineral elements in the plant rep- 
resented only slightly more Qian 4 per cent of its entire dry weight. 

The percentage of the various elements that composed the plants in 
these analyses corresponded closely to the figures given by other investi- 
gators. Hornberger (j) worked with Badischer Early corn and made 
chemical analyses of the plants at seven-day periods throughout the 
growing season. His analyses show that at the time of maturity calcium, 
potassium, phosphorus, magnesium, sulphur, silicon, iron and nitrogen 
made up,respectively,o.5i, 1.19, 0.27, 0.42, 0.08, 0.40, 0.05, and 1.54 per 
cent of file dry weight of the plants. The figures given by Vivian {12^ 
p. p-ii) show that carbon, oxygen and hydrogen made up 92.7 per cent 
of the dry weight of the com plant whidi was ready to be cut for the 
shock, fils results for the percentages of the various mineral elements 
were practically the same as those reported by Hornberger (5). Jones 
and Huston (5) found that potassium, phosphorus and nitrogen made up« 
respectively, 0.828, 0.193, and 1. 17 per cent of the dry weight of the 
stems, leaves and ears of Riley*s Favorite variety of corn when the 
grain was hard and the plant ready to be cut. 

The percentage distribution of the 14 elements in the different parts 
of the plant is shown in Table VI. . 

Table VI.-— Percentage distribution of the different elements in the leaves, stem, gmin, 
cob, and roots of Pride of Saline corn grown at Manhattan, Kans., in xg20 


Elements. 


■Organ. 

1 ^ — 

Car- 
1 boO', 

Oxy* 
gen. „ 

Hy. 

dro- 

gen. 

' Ni - 
: tro- 
i gen. 

!'■ 

piios- 

phor- 

XIS. 

Po- 

tas- 

sium. 

Cal- 

ci- 

um. 

Mag- 

nesi- 

um. 

1 

Sul- 

phur. 

Iron'. 

Sili- 

con. 

Alu- 
: mi- 
num, 

Chlo- 

'rin.': 

Mail- 

s'-' 

3 >aves.. 

26. 58 

27. 70 

26. 33 

25.01 

28,63 

45 - 18 

s8. 16 

■ i 

32. 32 

39 - 7 S 

23.96 

62.32 

19.46 

42 .' 84 

27-88 

'Stems 

24 - SI 

23. 70 

22. 67 

13. 78 

xo. 48 

32. 16 

18.01 

21. 04 

22. 66 

14. Sf' 

a6i 

2. 90 

'■ 36. 92; 

12. '64 

Oram 

,32.04 

31. 83 

34- 82 

46, 01 

52. 26 

14-19 

3-43 

34-22 

25.77 

15. 68 

■ 43 

6. 71 

7-07’ 

,35.6s 

Roots 

7.O2 

7-09 

9 - S2'| 

6.3,1 

4.24 

3.76 

19. 49 

6. 75 

10. 66 

" 44 - tJ 

■27. ' 57 , 

66.33 

5.42, 

X4.87, 

Cobs 

9. 82 

9. 66 : 

6. 63' 

S.85 

4.36 

4-67 

.Sg 

5-63 

1. 12! 

■ 

66 

■, ' I. ,, 06 '; 

,■4.58 

,'■,■ 7 - 75 ^ 

: 8.9a 


Some' of' the more important' Tacts ■■shown ''in this, table 'be 
mentioned' in^ the text. ' The' grain and 'cob contained' approximately 
5'5 per cent of the total nitrogen, while '25 per cent of Ais element occurred' 
in the leaves. ■ The ' phosphorus was 'distributed ' in the same relative" 
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proportion, since 56 per cent of the total phosphorus was in the grain 
and cob and 29 per cent in the leaves. Approximately 45 per cent of the 
potassium occurred in the leaves, 32 per cent in the stem and dnly 19 
per cent in the grain and cobs. More than 58 per cent of the calcium 
was in the leaves, while the stems and roots contained 18 and 19 per 
cent, respectively. The proportion of calcium in the ear was small and. 
^amounted to slightly more than 4 per cent of' the total calcium in the' 
plant. In ^contrast to the calcium, more than 39 per cent of the- 
tna'gnesium occurred in the grain and cob while the proportion of this 
element in the leaves and stem amounted to 32 and 21 per cent, 
respectively. The leaves contained 39 per cent of the sulphur, the 
stem 22 per cent and the grain and cob 26 per cent. Approximately 
22 per cent of the iron was found in the leaves, while the stem and grain 
each contained 15 per cent of this element. The leaves contained the 
greater part of the silicon, since over 62 per cent of the total amount of 
this element occurred in them. The ear contained about 1,5 per cent 
of the silicon and of this amount less than one-half per cent occurred in 
the grain. The leaves and the stem contained most of the chlorin;. 
42 per cent of this element occurred in the former and 36 per cent in the- 
latter. Approximately 44 per cent of the manganese occurred in the* 
grain and cob and over 27 per cent in the leaves. The roots contained 
6.3 per cent of the nitrogen, 4,2 per cent of the phosphorus, 3.7 per cent 
of the potassium, 19.5 per cent of the calcium, 6.7 per cent of the 
magnesium, 10.6 per cent of the sulphur, 44.1 per cent of the iron, 27,5 
per cent of the silicon, 66.4 per cent of the aluminum, 5.4 per cent of the 
chlorin and 14. S per cent of the manganese. The relatively large pro- 
portions of calcium, iron, silicon and aluminum in the roots was due in 
part, probably, to the minute soil particles that were partially embedded 
in the' surface :of the roots and were not 'removed' in the preparation of 
the material for analyses. 

WEIGHT OE 'THE EUBMENTS REMOVED FROM THE AIR AND SOIE BY AN 

ACRE CROP OP CORN 

Since so many factors can influence the yield and composition of plants, 
any data concerning the amount of the various elements removed per 
acre for a given crop are applicable only for the cultural and climatic 
conditions under which the plants were grown. The recent work of 
Dule^^ and Miller (i) concerning the effect of the supply of nutrients upon 
the character and composition of the com plant especially emphasizes* 
this fact. In the experiment herein reported, the plants were grown in 
42-inch rows and the plants in the row thinned to a distance of 2 feet 
If the stand were perfect under these conditions, there would be 6,270 
plants per acre, but in order to allow some leeway 6,200 plants were con- 
sidered as the stand per acre in estimating the yield of dry matter. The 
total dry matter produced by 6, 2cx) plants, the average dry weight of 
which, including the roots, was 834.9 gm., would amount to 11,389 
pounds per acre. Since the dry matter of the roots weighed 60.5 gtn. 
per plant, the dry matter produced per acre by them would amount to 
825 pounds. The total dry weight of the plants above ground would 
thus amount to 10,564 pounds per acre. The average dry weight of 
the lower foot of the stem was determined in order to ascertain the 
amount of dry matter left on the field by the stubs when the plants were 
cut at a height of i foot from the ground. The average weight of the- 
lower foot of the stem was 28.3 If 6,200 plants were considered as/ 
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the stand per acre^, the weight of dry matter remaming in the stubs would 
be 386 pounds. The total weight of dry matter left in the field by the 
stubs and roots amounted, according to these estimations, ' to 1,211 
pounds per acre, or approximately 10.6 per cent of the total dry matter 
produced. The total dry matter produced per acre, exclusive of the 
roots and the stubs i foot in height, amounted to 10,178 pounds per acre. 
This yield of dry matter of the stems, leaves, and ears of the com plant 
is considerably higher than that reported by other investigators,, but it 
is difficult to make comparisons since in some cases the variety of corn 
grown and the height of die stalks when cut at harvesting were not stated. 
Ladd (6) reported a yield of 7,918 pounds of dry matter pet acre for the 
King Phillip variety at the Geneva (N. Y.) Agricultural Experiment 
Station, but did not mention how much of the stalk was left on the stub. 
Smith (ii) obtained a yield of 8,020 pounds of dry matter per acre at the 
Michigan Experiment Station, but no record of the variety used or 
the method of harvesting is given. Schweitzer (10) at the Missouri 
Experiment Station considered 6,528 plants to the acre and estimated 
the total yield of dry matter at 7,892 pounds, but neglected to state 
the variety of corn used. Jones and Huston (5) estimated the yield 
of dry matter of Piley’s Favorite grown at the Indiana Experiment 
Station at 9,412 pounds when the plants were harvested at the surface of 
the ground and when 10,000 plants were considered as the stand per acre. 
Ince (4) states that the average yield of dry matter of the eai's, stems, 
and leaves of numerous varieties of corn grown at the North Dakota 
Experiment Station was 6,130 pounds, but he does not mention how 
much of the stalk was left on the ground in harvesting. 

The estimated weight in pounds of the elements removed per acre from 
the soil and' the air, by , the entire corn plant and by each' of the several 
organs or parts is shown in Table VII. 


Tabi^s VII . — Estimated weight in pounds of the elements removed per acre from the air a nd 
soil by 6,200 Pride of Saline corn plants grown at Manhattan, Kans,, in ig20 


Element. 



Weight in pounds of the elemaits in 

- 



E5it,ire 

plant. 

'Roots. 

Aerial 

parts. 

Stubs 

I foot 
high. 

Roots 

and 

stubs 

I foot 
high. 

Grain. 

Cobs. 



■ 

Cobs ' 
and 
grain. 

Eeaves.^ 

Stems. 

Carbon 

4.96 7. .vS 

349- 04 

4,618,51 

171- 59 

520. 63 

1, 592.06 

4S7. 90 

2,079.96 

1,320.62 

1. 217. 9'l: 

Oxvgen 

5,066,17 

359. 55 

4,706,62 

169. 27 

528. 82 

X, 612.65 

489. 40 

2,102.05 

1,403.41 

1, 201. 13 

Hydrogen 

711. 60 

: 47. 19 

664.41 

22. 64 

69. S3 

247. S3 

67. 79 

1 315- 62 i 

; '1S7. 41 

161. 36 

X'itrogen 

166-27 

10. 50 

155- 77 

3. 22 

13* 72 

76- 52 

14- 73 

91-25 i 

: 41. 60 j 

22. 91 

Piiosplion,is 

23* IS 

.98 

22. 17 

.04 

I. 02 

12. 09 

I. 01 

i 13. 10 1 

1 . 6.63'! 

3. 42 

Potassinm . . , . ' 

104.74 

3- 95 

■ ICO. 79 ■ 

4. 74 

S. 69 

14- 86 

i 4-89 

; ' 19. 75 1 

: 47. 33' i 

33. 69 

Calcium 

25. Sa 

■ s. 03. 

20.79 

•65 

5.68 : 

1 .89 : 

■23 1 

; ■ I'- 12 i 

1 ■ 15, 02, j 

':4-6 s 

Magiie.sitim 

30, 80 

I. 40 

19. 40 ■ 

. 61 

3. ol 

1 7- 12 1 

1. 17 

a 39 ; 

! ' 6. 72 

4-37 

Siilph'iir ; 

19-31 ; 

2. 06 

17- 25 i 

. 61 

2. 67 

; 4- 98 : 

,.22 

i' 5. '20 j 

1' 7-68^ 

4.37 

Iron,. 

9- 74 ■ 

4- 30 

'S-44 ' 

. 19 

4-49 

■ I. 52 ■ 

. a6 ' 

1 x ."78 ' 

i , ,2. 23,* 

I. 41 

Silicon . . . 

1 133.07 

; ' 3'6- IQ \ 

96.37 

I. 61 ; 

38. 31 

■ . 42 

1, 42 

! ' ' i; 84 

82.93 

11. '45 

Aluminum 

j' 12. 19 

8, 09 i 

4. 00 

.03 

8. 14 

, .-Si: , 


i,' I- 37: 


-35 

Chlorin 

i 16. 59 

.. 90 

IS- 69 

. 84 

I. 74 

. I. 17 ' 

I. ,28 

2. 45 

1 '7. II 

6. 12 

Manganese 

1 ' 3- 67 

.55' 

3. 12. 

,07 

. 63 

I- 30 

.32 

",1.62 

1 '1.03 

i 


These'results were'obtained by multiplying the , weight, of ,eaGhof the 
■different elements in the different organs, as shown in Table 'V,'by 6,200 
and reducing the results thus obtained to pounds. The results are self-' 
explanatory and. need not be discussed in detail in the text. The figures 



PLATE I 

A. ' — Ears of the five Pride of Saline com plants that were used for the elemental 
analyses. 

B. -— Pride of Saline com plant No.- 4 showing the general appearance, of the five 
plants used for the elemental analyses. 

C. — General appearance of one (B, Table IV) of the five root systems of Pride 
of Saline com plants used in the chemical analyses. 
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WHEAT SCAB AND CORN ROOTROT CAUSED BY GIB- 
BERELEA SAUBINETII IN RELATION TO CROP 
SUCCESSIONS^ . 

By Benjamin Koe)hlER, Assistant Paikologisii Office of Cereal Investigations, Buremt 
of Plant Industry, United States Department of Agriculture, James G. Dickson”, 
Associate '. Prof essor of Plant Pathology, University of Wisconsin, and Agent, Office of 
Cereal Investigations, Bureau of Plant Industry, United States Department of Agrri- 
and James R. Holbert, Agronomist , Office of Cereal Investigations, Bureau 
of Plant Industry, United States Department of Agriculture 

INTRODUCTION 

It is a well-known fact that corn, like other field crops, can not be 
grown year after year on the same soil without harmful efects. Winter 
wheat is a crop well adapted to the corn belt. Xike corn, it is one of 
the most desirable crops from the standpoint of immediate financial 
returns. It, therefore, has become a common practice in the Corn Belt 
to include both corn and wheat in the rotation. In many cases wheat 
is sown directly after corn. 

In preparing corn land for wheat several cultural methods are in 
common use, but very seldom is the field plowed before sowing the 
wheat. Winter wheat is often sown with a one-horse drill between the 
standing rows of com in the early fall. After the ground has become 
frozen corn is husked and the cornstalks are broken dowm by drag- 
ging a pole over them. In some localities the com is husked early, the 
cornstalks broken down and cut up with a disk harrow, and the field 
sown with winter wheat in the fall or spring wheat in the early spring. 
In other sections the corn is cut and shocked, after whidi wheat is sown 
in the disked com stubbie. Another practice in rather general use is to 
cut the com for silage and thus remove all of it, except the stubble, 
from the field before sowing the wheat. The wheat is commonly fol- 
lowed by a crop of oats, after which corn again is planted, or the wheat 
may be followed directly by com. Although wheat is generally sown 
directly after com, yet the crop sequence often is oats after com and 
wheat after the oats. As will be pointed out later, this is a much 
more desirable crop sequence from the standpoint of the control of 
wheat scab (Fusarium blight). 

In some regions a legume, such as clover or soybeans, frequently is 
included in the rotation. In sections where the farming has become 
intensive or where the sofls are less, fertile, clover is sown eveiy 
three or four years. This hot only builds up the nitrogen content of 
. ' the . so,il" but ' tends' tp' ^'ired:uce ; the.' ''ai^umnlatipn' ''of soil-borne: parasiteSi;;^^ 
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. WHEAT SCAB IN RELATION TO PREVIOUS CROPPING 
REVIEW OF EITBRATURE 

Eatta, Arthur, and Huston (15),^ in 1891, mentioned the prevalence of 
scab on a plat where wheat had been grown continuously and on an ad- 
jacent plat where wheat and corn had' been grown alternately for ii 
years. This seems to be the first recorded observation on the relation of 
previous cropping to the occurrence of wheat scab. In 1909, Selby and 
Manns (i^) also recorded observations on the relation of previous crop- 
ping to the production of wheat scab. They noticed that on the experi- 
mental plats that had been sown to wheat continuously for a number of 
years scab was worse than on the plats where the crops had been rotated. 
Some years later Bolley (j) emphasized the importance of rotating wheat 
with some other unrelated crop to keep down wheat scab. He recom- 
mended rotating with clover, alfalfa, grasses, potatoes, flax, and corn. 

In 1918, Hoffer, Johnson, and Atanasoff (^) reported that there was a 
greater abundance of wheat scab in fields where wheat was grown im- 
mediately following corn that was infected with the Fusarium root and 
stalk rots. They found that wheat-scab infection may take place 
from Gibberella spores growing on old diseased cornstalks and that corn 
roobrot can be produced under laboratory conditions by Gibberella 
spores isolated from scabbed wheat. During the same year Hoffer and 
Holbert (7) reported a greater amount of scab when wheat was sown in 
infested corn fields. 

In 1919, Holbert, Trost, and Hoffer (ii) reported on the occurrence of 
wheat scab as affected by crop rotations. Their observations, which cov- 
ered 28 fields, comprising 1,500 acres, confirmed previous observations 
that wheat following corn is scabbed more severely than that following 
any other crop. 

Since then, reports have appeared by Johnson and Haskell (14, p. 
24-26), Johnson and Dickson (13), Fromme {6, p. 141), and Adams (i) 
stating that wheat-scab infection is heaviest when wheat follows a com 
• crop., 

SURVEY OF 1919® 

in 1919 counts were made of wheat-scab infection following various 
common crops in seven different States- There was an unusual epidemic 
of scab during this season. Most of the wheat examined was in the hard- 
dough stage and some of it was ripe. Each percentage determination 
was made by counting a hundred heads along a drill row and breaking 
off all heads that showed the presence of scab. The number of scabbed 
heads picked off then gave the percentage of infected heads. At the 
close of each day , the heads thus collected were sent to the laboratory at 
Madison, Wis., for identification of the organisms. In making the scab 
counts, four or more, and often over a hundred, percentage determina- 
tions were made in different parts of each field. 

In Wisconsin, where the grain had recently been cut, the percentage 
determinations were made from entire bundles. From four to nine 
bundles were selected from different parts of each field, each bundle 
containing over 2,000' heads. . ' ■ 


'' *Rdereiice is nade by^nimt>er (itaiic)' to ‘‘Eiterattire cite 4 ,** pp. 87&-879- 

Coaupton, Juisior Pathologist. Office of Cereal' 'Investigations. 'Bttreaw of Plant Industry, U. S. 
of Agriculture, assisted in obtaining these survey data. ' 
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This survey was made primarily for accurate informatioia on the dis- 
tribution of wheat-scab,' but notes were made also on a; number of phases 
of the problem including. the crop successions during the three previous 
years. As the same crop rotation usually is not followed on the different 
farms in any community, adjacent fields or fields close to each other were 
observed where wheat followed com in some cases, and, in other eases 
followed other crops. 

Wherever wheat followed corn in the various States, perithecia of 
Gibberella saubinetii (Mont.) Sacc. were found in abundance on the old 
cornstalks and stubble left in the field. To make certain of their identity, 
specimens were sent to the laboratory at Madison, Wis., from each farm 
where observations were made. 

Table I gives a summary of the data collected in 1919. The difference 
between the percentage of heads scabbed when wheat followed com as 
compared with the percentage when wheat followed some other crop is 
large enough in each State to be significant. A large number of wheat 
varieties are included in this summary. There is some varietal difference 
in the degree of susceptibility to scab, but the differences in respect to 
previous cropping are similar in all varieties and therefore all are sum- 
marized in one table, 

^ Scab also affects other cereals, including rye and oats, but generally the 
infection is of less extent than in wheat. Table I shows not only that 
wheat-scab infection is most severe when wheat follows corn, but that it 
also is greater when wheat follows wheat, rye, or oats than when it follows 
clover or timothy. The last two crops usually are not attacked by 
Gibberella saubinetii, the chief causal organism of scab of cereals, although 
Selby and^Manns (19) report a stem rot of clover produced probably by 
this parasite. Therrfore, the disease is not so likely to be carried over 
from the previous year on the refuse from these two crops as on refuse 
from oats, wheat, and com. These data show that, over a large area, 
wheat scab occurs most abundantly where wheat follows corn. 

Tab^iS 1.— -Average percentages of wheat scab {head blight) in i gig following different 

crops in seven States 




State. 


lllmois. 

,v I,ii,diana.. .. . . . . 

P Iowa.' 

Minnesota 

Ohio. . , , 

Tennessee . . .■ . . 
Wisconsin.... . . 

Average. 


' 

■ 

Num- 
ber of 
coun- 
ties 
sur- 
veyed. 


Average percentages of wheat scab after previous 
crop of—' 

Corn. 

W-heat. 

Rye. 

Oats. 

Clover. 

Tim- 
othy. „ 


2 

23 

59 

33 


33 

22 


...I,',' ;'lO 

47 

39 

25 

30 

16 

^ 20' 


. , . ; 0 

27 

71 

49 


3 Q 



y 





4 

20 

66 

S8 

50 

45 


,,'■ 5 


5 

39 

33 

6 


II 

X ' 

' , " i '7 


5 

16 

! 21 i 

,' 4 

' ■ X 

I 

9 



4 

10 




I' 


■ ' 3 ' 







; ■ 3 ',,- 1 




43-3 

29. 2 

27. 0 

22. 7 '' 

"'''xi."' 4' 1 

8.3 


snavESY oT 1920 

The' survey of , 1920, /as summarized in. Table II, ", was confined' to 
^^cLean'' County, III.' ' All of the fields surveyed' were' on the same'' type of 
~soil, in a' more or less contiguous' area, and 'all were sown with Turkey 
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wheat. .While only a small wheat acreage was surveyed as compared 
with that of the previous year, the conditions under which the crop was 
grown were very much more uniform,' so that in many ways the data are 
more significant than those obtained in 1919. 

Tabi^U II . — Percentages of scab (head blight) in Turkey wheat following different crops, 

in McLean County, III., in iq20 


Field, 

Num- 

ber. 

Size 

of 

field.. 

Previous 

crop. 

Percentages of scab at different locations in fields. 

Grand 

average 

follow- 

ing, 

each 

crop. 

I 

2 

3 

4 

s 

6 

7 ' 

8 

9 

10 

' II 

12 

Av- 

er- 

age. 




Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 

' Per 


A cres. 


cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

107 

479 
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3.0 

3-0 

10. 0 

3-0 

2. 0 

5-0 






4-7 


















475 

. 10 


3-0 
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33 

do . . . . 












3 ' 4 

j 

43 ’ 
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Wheat 

6- 0 

2. 0 

x-o 
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1.0 

1.0 

• 0 

• 2 



1.0 

X. 4 


12S 

AO 

do. . 


. 5 

. 2 

2 









*3 
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18 

40 

.... do 

• 0 

'• 5 


* 2 









. 2 
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. 2 

. 2 

. 2 
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\ ' ! 

! 
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.43 

60 

do 
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2.0 

I.O 

2.0 

3-0 : 

2.0 

•5 

•2 

.2 ' 




I. 2 

. I.o 

47 

75 
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. 2 

•5 

. 2 

. 2 

•2 





i i 



•3 
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0 

l' 0 

3 * 0 


\ A 

2, 0 

_ 0 
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4.96* 

80' 

. . . .do 

V. 0 


1. 0 

4 * 0 

1. 0 

O’ ° j 
"K. 0 1 

1.0 
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1 



1.7 

, ■ 

127 

t tf 

90 

Oats 

* . . . ,c 3 o, . . 

• 5 


•5 

•5 

' ! 

2-0 

5-0 

..... 

4.0 

2. 0 

5-0 

- - 1 

4.0 j 

1 

4-0 

2*0 

2*5 


■ - 

,190 

60 

do 

! - 

] 2 

2. 0 
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I. 0 

• 5 
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,1.7 



. . .do. 

5. 0 

3* ® 

4" 0 

4 - 0 

3. 0 

3- 0 
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40 

Timothy , . . 
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. 2 
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- 2 







1 

.....i 
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• 2 
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While the wheat-scab infection during this season was generally light, 
there "was enough to sho'iv a striking di&rence in the percentage of scab 
resulting where wheat follow^ed corn and where wheat followed some 
other crop. In every field w-hich had produced, a corn crop during the pre- 
vious year the percentage of w^heat scab w^as much ' higher than where 
some' other crop had preceded wheat, the average of scab infection being 
more than 1 70 per cent higher than in any other crop sequence. 

The seasonal difference in the percentage of scab was due undoubtedly to 
weather conditions during the ffowrering and maturing of the wheat crop, „ 
It has been previously observed ' by 'Schmitz (J(^) , ' Mortensen (16) , Beck- 
with (a), S'chaffnit (17), and, others, that there is a greater abundance of 
wheat scab during moist seasons, . Indications are that moisture was the 
chief factor in producing the seasonal differences in infection during these 
two years, as the weather during and: following flowering in 1919 'was ver}" 

■ moist, whereas in 1920 the entire period was dry. ' Schaffnit (17)', work- 
ing with ' Tusarium organisms isolated from scabbed cereals, ' has' 'vshown 
that a relative humidity of not less than 55 to 60 per cent 'is 'necessary, 
for their growth and that the substratum^ must contain "20' to '30'. per cent 
of 'moisture., 

IN 1921 . 

In '1921 ^n effort was made to secure data under even more uniform 
conditions than in the previous years. 'After considerable scouting, four' 
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pairs' of fields were located, each pair consisting of two adjacent wheat 
fields, on the same type of soil of about 'the' same fertility, with similar 
topography and drainage, and sown at nearly the same time ivith Turkey 
wheat. One field of each pair had been planted to corn the previous, year 
and the other had been cropped with either wheat or oats. Numerous 
counts were made in each field, as .shown .in Table III, ■ Some variation 
in the percentage of scabbed heads occurred. in' each field. General observa- 
tions in previous ' years indicated that scab infection generally was most, 
severe at the , lower field , elevations. This was probably caused , the 
more succulent growth in these locations. Climatic conditions in 1921 
were such that the^ growth in the' low areas was notwery succulent. . On 
the contrary, the crop was thin and poorly developed in many of these 
lower places. An attempt was made to cover all of the different condi- 
tions in each field so as to establish correct averages. In every case the 
land w^as only gently rolling and the differences in elevation were not great. 
Table III shows that in this year the percentage of wheat scab was only 
slightly affected by differences in elevation, the greater infection, if any, 
occurring on the higher ground where, in this season, the wheat had made 
the best growth. 


Table III . — Percentages of scab in Turkey wheat at different elevations in four pairs of 
adjacent fields {A, B, C, D), on brown silt loam with similar fertility ^ drainage, and 
topography, but having had different previous crops, in McLean County, III,, in ig2i 



Field 

Size 

Pre* 

Eleva- 

tion. 

Percentage scab at different locations in fields. 

Field 

Group. 

ntmi- 

ber. 

of 

field. 

vious 

crop. 

■ I 

. 

a 

•3 

4 

5 

6 : 

7 

8 

Aver- 

age. 

aver- 

age. 



A cres. 


(High 

Per 

cent. 

40 

53 

29 

Per 

cent. 

31 

52 

Per 

cent. 

43 

Per 

cent. 

43 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

Per 

cent. 

39-3 

37«5 

Per 

cent. 
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40 

Corn... 
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39 

IS 

3 

41 
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5 
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20 
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19 
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4 
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[High..... 
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20 
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4 

5 

2 
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[ly^OW . . . . 

2 

6 

3 
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16.5 
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3 ' ^ 





[High 

22 

14 

22 

12 i 
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1 .33 

■S'O 

Corn, . . 

iMeditmi. .1 

22 

14 : 

10 

la. 

18 

! 14 





[Eow 

6 

S 

12 

16 

14 

1, 



X4.,6 
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(High..... 

8 

II 

8 



9*0 


113= 

So 

Oats . ., . 

bledium. . 

3 

6 

8 








[row . , , . . 

6 

6 

8 
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3* / 

6 *',o '■ 

, ,6.8 

' 9 ', 8 
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1 .20.9 

20 

Corn . . . 
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\r ow 
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8 

II 

■ 3 

4 

13 

5 

4 

22 1 
5 

3 

iS 

3 

3 

9 

6 

7 , 

'',11'' 

iO'.6 1 
,8-0 

^1. c 


'1 I 0'7 

40 

Oats. . . 

iMedimn. . 

3 

5 

4 




. .v.j 

' 4 * 0 ' 



1 lyOW ..... 

3 ’ 

3 

I 

3 





4I. 0 

' 3 - 8 

1 










i ■ 


i 



Tn group A 'the whe,at .was' drilled in ^ field, .on",, which, the com 'was .still 
standing. ,. This,' left '.all .the 'Old .. ,cornstalks,'dh; the .'wheat 
other groups, the ,corn had been removed .for silage, leaving only 'the .com 
stubble and a very .few broken or'scattered .stalks that were' not'-pickedup.' 
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Table III shows that, as in the previous year, scab infections were more 
than a hiindred per cent greater where wheat followed com than where 
wheat followed other crops. It also shows that infection is iniich worse 
when all the cornstalks are left on the held than when nearly all of them 
are removed. It must be borne in mind, however, that the corn stubbles 
were left exposed and that they were thus an important factor in in- 
creasing the disease in fields 6io, 133, and 109, as compared with fields 
61.1, 132, and 107, respectively. 

The study of the influence of the previous crop on the development 
of wheat scab had shown that the abundant development of perithecia 
on the old cornstalks determined to a large measure the relative amount 
of wheat scab. It was important, therefore, to determine the extent 
to which these perithecia would develop on stalks of relatively resistant' 
strains of com. Such strains of corn were available, as considerable 
work had been done by J. R. Holbert and his associates (10, 12 in the 
breeding and selection of strains resistant to the root and stalk rots. 
In the fall of 1920 an experiment was planned with this corn to deter- 
mine the extent to which the perithecia of Gibberella would develop on 
stalks from corn showing considerable resistance to the root- and stalk- 
rots. Stalks were obtained from three different selections: (i) The most 
disease-resistant obtainable; (2) comparatively disease-resistant; and 
(3) disease-susceptible. A large bundle of each kind was taken to a 
wheat field in the fall after the wheat had been sown and each bundle- 
was scattered sufficiently to insure that each stalk came in contact with 
the soil. Just prior to wheat harvest the following year the cornstalks 
were collected and taken to the laboratory to determine the relative 
abundance of Gibberella perithecia on those from each selection. Esti- 
mates were made on representative portions from each stalk, each portion 
including a node and an internode. To establish standards, five pieces 
were selected with perithecia ranging in abundance from few to very 
numerous. On the piece where the perithecia were very numerous they 
covered about half the surface. Therefore, this sample was classed as 
50 per cent covered. The piece having only a few perithecia was rated 
as 10 per cent, as this was about the proportion of surface covered. The 
other three portions were intermediate, differing by about 10 per cent, 
thus making the series 10, 20, 30, 40, and 50 per cent covered. These 
saniples were used as standards in estimating the percentages of surface 
covered on all the portions of each stalk. These percentages were then 
averaged to get the average percentage for each stalk. The results are 
' given in Table IV. 

It mil be noticed that there were not so many perithecia on stalks of 
the resistant selections. ' Nevertheless there were sufficient perithecia 
even on these to cause an epidemic of wheat scab under favorable con- 
ditions. .These corn plants, were resistant to fungus invasion during 
their active growing and maturing period, but after maturity and death 
of the tissues any com plant is readily invaded by many soil-bome, 
facultative parasites, and among these Gibberella saubinetii is very com- 
mon, It seems . evident, therefore, that growing only disease-resistant 
corn will not aid materially in avoiding higher percentages of scab in- 
fection when wheat follows a crop of com. 

^ HotBERT, and others, phvsicab characters of the corn, ear in rb.lation to disease resist- 
ance and vieeb. .Ill Agr. 'Ex'p. Sta. (In, press.) 
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Tabls^ IV . — Percentages of stalk surface covered with perithecia of Gibberella saubimtii 
on old stalks of Yellow Dent corn in strains highly resistant^ comparatively resistant, 
and susceptible to corn rootrot. Data obtained at Bloomington, III., in iqbi 


Percentages of surface covered with Cdb- 
berelia perithecia. 


Most resist- 
ant selec- 
tion. 


6. 2 

3 ' 7 
2. o 
o 

7-'5 

6-5 

4.4 
2. 2 
2.8 
4. 4 
I. 7 
4. 1 
o 

I - 5 
2 * 5 


; Compara-' ! ■ 
tively resist- 1 Susceptible. 
, ant. 


5-0 
2 . 8 

■7 

1. 7 

3*3 

4.3 

5*7 

3- 5 

S.8 

4 - 4 

2. 9 
7,0 
2. 5 

15. o 
I. 0 
3*9 
: . 1-5 
4 - 5 
2 ., ' 2 ., 


3*3 


4 - 3 


14. 5 

9 * 5 
19. 2 
6.7 
If. 5 

5- S 
' 5-7 
8.6 

4. 4 

4.5 

13.2 

II. o 

S' 5 

8.6 
13 - 5 
10, 5 
■ 6.0 
' S- 2 

' 5 - 7 

12. 2 


8.9 


stalk No. 


3 -- 

4. . 

5 - ■ 

6 . . 

7. . 

8 . . 

,.9. . 

10. 

11. 

12. 

^ 3 - 

14. 

IS- 

16. 

.17* 

18. 

19. 
^20. 
21 . 


Average. 


■ SUMMARY OF THE THREE YEARS' DATA 

The three years' data as summarized in Table V, and presented graph- 
ically in Pigure i, give the average percentages of scab under three dif- 
ferent seasonal conditions, that is, a high amount of scab in 1919, a low 
amount in 1920, and a medium amount in 1921. These seasonal differ- 
ences are undoubtedly due to weather conditions and can not be con- 
trolled, but tlie relative abundance . of scab each year, whether large or 
F; small, varies with 'the previous cropping,' and is wi*thin the. control of 
the farmer. Whether the average percentage of infection irom season 
to , season is large or small, the, farmer who ■ sows wheat after corn.' can 
easily reduce the infection 50 per cent by using a different crop sequence 
in his rotations.'" ' 

TablE' V, "Average percentages of scab on wheat following various crops in seven States 
in xgig,"and in McLean County, I IL, in ig20 and igsi, being a summary of Tables 
: /, III', and ' IV. '.. 


.Year. 

F' , ,, _.,_i 

1 . 'Average percentage of wheat-scab infection .after.previoascrop^ of—; „ 

■' '" Com, . 

Wheat. 

'Rye. ' '. 

■'V" '."OatA',' A'^l 

; ''Glovet. 

.Timothy,' 

1919 ...... . 

43 - 3 
4 . 6 j 

' 17 , 4 ,.J 

29 . 2 

I. Q : 

2 ... 7 ' 


22 ;. ' 7 " 

,•'..'..-•■ 1 . 7 : 

lA"' c;.' 2 a] 


,''''.,.'■., 2 , 

T 92 '*^ . ' . 

I 0 ' 2 I.' .V. 

. . . , , . 
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Com refuse left from a previous crop general!}^ bears an abundance 
of peritliecia of Gibberelia saubinetii. Morphological examination and 
cross inociilations have proved that this is the same organism as that 
found on. scabbed wheat heads. Even, though the cornstalks are re- 
moved from a field, the remaining corn, stubble may show a large number 
of peritliecia (PL i, B, C), unless they are turned under in plowing, 
and it is very difficult to turn them all under (PL i, A). Gibberelia 
saubinetii perithecia also have been found on old straw of wheat, 
and oats left on the field (PL i, D). However, not so much infection 
arises from the ascospores from perithecia on wheat, rye, and ' oat straw 
because ' usually the 'fidds are plowed after these crops are .grown' and 



Fig. I. — Graph showing average percentages of wheat scab following various crops in ipig, 1920, and 1921. 
isjji Data sinnmarized in Table y. 


as a result most of the refuse is turned under. Although the greatest 
amount of initial infection probably is causec! by overwintering asco- 
spores, or conidia formed by the ascospores germinating on the moist 
soil and crop refuse, the mycelium of the organism also may remain 
viable on crop refuse and produce abundant conidia during the following 
spring and summer. Com refuse bears the greatest amount of peri- 
thecia because it apparently is a better medium for growth and holds 
the moisture better. Therefore, it is of utmost importance to cut the 
cornstalks close to the ground and remove tliem from the field if wheat 
is to be seeded on the land. If winter wheat must be sown after corn, 
usually it is not practicable to plow the ground; but, in winter-wheat 
sections especially, if spring wheat is to be sown, such land should be 
fall plowed in order". to bury, as' far as possible, all corn refuse. In all. 
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cases where practicable, however, sowing wheat after coni' should be 
avoided. 

The data discussed pertain solely to scab or head blight, as, only this 
phase of the disease can' be seen and ■ accurately estimated. No account 
has been taken of seedling blight and weak plants due to the parasite in 
the soil attacking wheat seedlings. ' Investigations by Dickson (4) and 
Johnson and Dickson (ij) show the importance of seedling blight due to 
soil infestation with Gihberella satihinetii. Therefore, the economic im- 
portance of not bringing com and 'wheat together in a rotation Is much 
greater than data on wheat scab, (head blight); alone would indicate; 
However, it is nearly impossible to get an. accurate estimate on seedling 
blight in a commercial field, and, therefore, this phase has not been con; 
sidered in this paper. 

, CORN ROOTROT' IN RELATION TO WHEAT-SCAB 

The losses resulting from com rootrot caused by Gibber ella saubineiii 
can not be estimated as easily as can those resulting from wheat scab. 
It can be done, however, more advantageously on carefully controlled 
experimental plats than by an extensive survey of commercial fields. 
Fortunately, corn disease investigations have progressed sufficiently (12, 
so that small quantities of com that are highly resistant to rootrot 
under central Illinois conditions can be obtained. This resistant corn 
was used as a check on the ordinary susceptible com in all the experi- 
ments reported below. 

Comparative \delds were considered the best index to the extent of 
rootrot. Extensive data by Holbert et al. (la, ®) show that yields are 
inversely correlated with the amount of disease found on the germinator 
and with com rot produced by pure-culture inoculations. The latter is 
also shown in Table X. The disease-resistant and disease-susceptible 
selections, between which comparisons were made, were both selected 
from the same strain of Yellow Dent com according to the methods 
described by Holbert et al.® The yields of two fields planted with the 
same kind of com but with different previous crops can not be compared 
directly because there doubtless would be a difference in soil fertility. 
But by comparing the yield from disease-susceptible com with the yield 
from disease-resistant com, in different crop sequences, a fairly accurate 
determination can be made. The experimental series reported below 
were conducted on adjacent fields in each case, and on similar soil of 
the same elevation and drainage. 

In 1920 an experiment was conducted to compare (i) the yields of com 
grown on plats which had been cropped to clover during the two previous 
years and to oats in 1917 and (2) the 3tields from adjacent plats which 
had a crop of badly scabbed spring wheat on them in 1919, com in 1918, 
and oats in 1917. A diagram of the plats is given in figure 2. Each 
plat was 4 rows wide and 10 hills - long. ■ The.hills were 42 inches apart 
.each way and were planted by . hand at the rate of 3 kernels per hill. 
The data as given in Tables VI and ' VII were obtained by omitting the 
outside : hills of each plat ' Thus each plat contained 2 rows of 8 hills ■ 
each, on which, .data, were taken, a total of 16 hills math a perfect stand 
'of 48 -plants., ' 

' -AS' shown M; Tables- VI ' and VII,.the.'.yields,:''fr^ disease-resistant'^com'; 
were, very different' on- the two, series' , of plats with different previous 


® J,. R,., ,and otTiers. op. Cit. 
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crop siiccessions. There was a reduction in yield of 11.6 bushels, or 
13.9 per cent, on the plats where com followed scabbed wheat. Doubtless 
this was due largely to differences in fertility; but no doubt a' small part 
was due also to seedling blight and com rootrot from tlie previous crops, 
since the resistant corn was not immune, as is shown by the inoculation 
experiments with pure ■ cultures on^ virgin soil, the results of which are 
given in Table X. The yields from disease-susceptible ' corn, ■ on the 
other hand, show^ed much greater variation in yield due to the previous 
crop. There was a reduction of 18.5 bushels, or 25.4 per cent, 011 the 
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Fig. 2.— Diagram of experimental plats in 1020, data on which are presented in Fables VI and VII, Flats 
A. C, and E, disease-resistant com; B, D, and F, disease-susceptible corn. 

plats previously cropped with wheat. All evidence indicates that the 
difference between the 13.9 per cent reduction in yield of resistant corn 
and the 25.4 per cent reduction of susceptible corn was caused by disease- 
producing organisms in the soil which produced seedling blight, thus 
reducing the stand, as well as reducing the yield of the remaining plants. 
In reality, the loss from disease probably was even a little larger than 
this, because, as already mentioned, part of the 13.9 per cent reduction 
in yield from the resistant com was most likely also caused by disease. 

The experimental series of 1921, the results of which are given in 
Tables VIII and IX, were conducted on virgin bluegrass sod and on an 
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jEb:G. s^—Diagramofexperimentai plats in igai, data on. which are presented in Tables VIII andlX. .Flats 
A,"C, and E, disease-resistant com; B, D.'and, F, disease-siisceptible com; .intervening, and marginal 
plats all planted with nearly disease-free seed com of the same variety. 

adjacent field that had' grown, a .crop- of 'moderately scabbed 'winter 
wheat during 1920, badly scabbed oats in 1919, and corn during the 
previous 6 years. Bone meal had been applied to this field so that the 
productiveness was nearly equal to that of the virgin soil. The plats, 
figure 3 , were of the same size and planted in the same way as those in 
1920, but they were arranged differently. Between each two plats used 
in this experiment was a plat of com of the same size grown' from nearly 
disease-free seed. Thus the disease-resistant and disease-susceptibfe 
com were bordered by the; same ■."kind" of'' corn and appare.ntly should 
have had the same opportunities:';'. ''.In .this' series all of the 40 Bills in 
each plat were inrlndAd ^ 
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vested. The acre yield of . the disease-resistant com was 2.7 bushels, 
or' 4.8 per cent, less on the field in which the previous ' crops of wheat, 
oats, and corn had been grown, than on 'the virgin sod, while the acre 
yield of the disease-susceptible corn was 9.4 bushels, or 17.8 per cent, less. 
The difference in yield of 13 per cent, then, was due very likely to disease- 
producing organisms in the soil . But here again, as previously explained , 
the actual difference probably was a little larger on account of the fact 
that some reduction in yield of the resistant com also was chargeable to 
the attacks of Gibber ella saubinefii. ^ These data clearly indicate that 
ordinary susceptible dent corn may suffer a significant reduction in 
yield when grown after a crop of badly scabbed wheat. 

CORN INOCULATIONS WITH OIBBERELLA SAUBINETII 
THE ORGANISM 

During the season of 1919, over 2,000 scabbed wheat heads collected 
in the survey in the six States included in the rotation studies mentioned, 
as well as from seven other States, were sent to the laboratory at Madison, 
Wis., for identification of the organisms. As reported by Dickson, 
Johann, and Wineland (5), 94 per cent of the scab was found to be caused 
by Gibber ella saubineiii, while the remaining 6 per cent was caused prin« 
cipally by Fusarium culmorurn var. letehis Sher. and Fusarium avenaceum 
(Fr.) Sacc. These latter came principally from northern Wisconsin and 
Minnesota where corn is not generally grown. ‘ During that season no 
perithecia of Gibberella saubimiii could be found on any of the com refuse 
in these northern sections, while in the Corn Belt, perithecia of this 
fungus were very abundant. In 1920, a large number of scabbed wheat 
heads were collected from the States included in the Com Belt and sent 
to Madison. During this season 98 per cent of the scab was found to be 
caused by Gibberella sauhineiii, while most of the remaining 2 per cent 
"was caused by FiisaHmn avenaceum. 

The isolation studies would indicate, therefore, that Gibberella saubineiii 
is the principal organism concerned. In fact, it probably is the only 
one of economic importance in the production of wheat scab in the 
United States and tlierefore has been used in all of the inoculation 
experime.nts. 

Inoculation experiments witli co'm growing under field conditions have 
been conducted for a number of years at Bloomington, 111. It has been 
reported by Holbert, Dickson, and Biggar (9) that germination was 
lowered, early growth retarded, relative vigor throughout the season 
reduced, and grain production lessened by inoculation with 
saubinetii. Since "that report, inoculation experiments have been'" con-^ 
ducted on a larger scale and methods of technique have been improved. 
Some of the later results are given by Holbert et al. (12^). The funda- 
mental facts first reported (9) have held true.. Summarized data on 
some of the largest and most significant experiments mil be given here. 

METHODS 

Experiments^ were conducted in 1921 at Bloomington, 111., with a 
strain ; of Gibberella saubinetii isolated from wheat kernels. The inocula- 
tions were made' with 3-day-oM' cultures: grown on potato dextrose agar 


® Holbert, J. R.,, and ottiers. op. cit. 
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at 20® to 22® C. The seed was placed in an aqueous spore suspension of 
this organism fon lo minutes just previous to planting. The concentra- 
tion of this spore suspension was such that when a drop was placed on a 
glass slide and covered with a cover glass, about lOO spores could be seen 
in one field of the microscope, using a 4 111m. objective. 

Two strains of corn were used, both originally from Yellow Dent. 
One represented the most disease-resistant strain obtainable at the time 
and the other represented good, average seed ■ corn that had 'had no 
special selection toward disease resistance. These selections were similar 
to those used in the experiments reported in Tables VI, VII, VIII, and IX. 

Table: VI.— Data showing field stands and acre yields from disease-resisiant and disease- 
susceptible strains of Yelloio Dent corn, both grown on fields previously cropped to 
clover and scabbed wheat, respectively, at Bloomington, III., in IQ20 

PREVIOUS CROP—CUOVER 


Plat No. 

Resistant seed. 

Field stand. 

Acre 

yield. 

Number 
ol stalks. 

Per cent. 




Btiskels . 

A I.. 

37 

77* I 

So. 9 

A 2 

42 

87- s 

88.9 

As--.- 

43 

89.6 

92. 8 

A 4 

39 

81.3 

88. 9 

A S'..,. , . ... . . 

40 

83.3 

78.6 

A 6.. 

37 

77. I 

84. 2 

Ay........... 

43 

Sg ,6 

88.9 

AS........... 

40 

83-3 

77*0 

A 9 

39 

81.3 

88.8 

A IQ, 

43 

89.6 

91. 2 

Average . . 

40.3 

84. 0 

86.0 

Ci. 

48 

100. 0 

79*3 


45 

93.8 

80. 2 

^3 ■ 

39 

Si. 3 

78.6 

^ 4* ■ ■ ■ 

45 

93-8 

94.4 

C ' 5 . . . .... .... 

40 

83-3 

81. 0 

G6 

45 

93-8 

78.8 

C 7.. ........... . 

40 

83-3 

77-8 

C8 

41 

85- 4 

90. 4 

C 9. , 

41 

83.4 

80. 1 

C 10, . 

42 

87. s 

81.7 

' Average . . 

42, 6 

88.8 

82. 2 

K I.. . . . ..... . 

43 

89. 6 

72. 0 

E 2 

46 

95*8 

So. 4 



' .41 

85. 4 

84. 0 

B 4,. ........ . 

43 

89.6 

88.7 

Es.... ....... 

44 

9^*7 

82. 9 



40 

84. 

'7'? 2 

E 7... 

•,38 ' 

'■'O' 0 

79.2 

83.6 

B 8 . 

. 39 

81.3 

84.3 

Eg 

.40 

83.3 

87.4 

M 10., . ...V.,:. 

41 

83.4 

sai 

Average , . 

41.5, 

'":.86.,3; 

82’. 9 

Genem 




average. 

41. 5 : 

t,86-.4 

83.7 



Susceptible seed. 

Plat No. 

Field stand. 

Acre 

yield. 


Number 
of stalks. 

Per cent. 

B I.* 

34 

70. 8 

Bushels . 
69. 6 

B 2. 

39 

81.3 

75-8 

B3 

41 

85-4 

72. 0 

B 4 

41 

85.4 

Si* 3 

Bs 

43 

89.6 

72. 7 

B 6 

39 

81.3 

71. 2 

By 

41 

83.4 

72. 7 

B 8 

39 

81.3 

72,7 

.... 

42 

87-5 

85. 2 

B 10 

39 

81.3 

67-3 

Average . . 

39-8 

82.9 

i 

! 74. I 

D I ......... . 

40 

83-3 

68.0 

D 2 . . ... 

40 

83-3 

78. 8 

B 3 - • 

41 

85-4 

67.3 

B4 

34 

70. 8 

69, 6 

Bs 

40 

83-3 

62.6 

D 6 

36 

7 S- 0 

63.4 

B? 

3S 

79.2 

73 ‘ ^ 

B 8 

41 

83- 4 

So. 6 

©9 

40 

83-3 

76. 7 

D 10 , . 

■40 

83-3 

69. 6 

Average . . | 

39 ' 0 

81.3 

71. 0 


F 1. . 
F 2. . 
F 3. . 

F4.. 
Fs-. 
F 6 V , 
Fy.. 
F 8. . 
F9.. 
F 10. . 


36 

7S- 0 

42 

87-5 

45 . 

93- 8 

39 

8i. 3 

40 

83.3 

39 

81.3 

39 

• :8i. 3 

37 

V 77- 1 

35 ■ 

72- 9 

40 

83. 3 


69, '3 

■73, 6 


/ V, a 

70. 8 
' 7 o .''0 

71. '2 

72. ' 8 

9 


Average.. 39.2 

General 

average. 39.3 


81. 


81. 


7 73- 5 

9 72. 9 
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Table ¥I. — Data showing field stands and acre yields from disease-resistant and disease- 
susceptible straim of Yellow Dent corny both grown on fields previously cropped to 
clover and scabbed wheat, respectively, at Bloomington, III., in ig20 — Continued 

PREVIOUS CROP— SCABBED WHEAT 


Resistant seed. I Susceptible seed. 


Plat No. 

Field, stand. 


, 

Plat No. 

Field stand. 













Acre 




Acre 


Number 

Per cent. 

yield- 


Number 

■Per cent. 

yield. 


of stalks. 




of stalks. 






Bushels, 




Bushels. 

Ai. 

39 

81. 3 

65.6 

B I 

34 

70. 8 

54-5 

A 2 

45 

93-8 

73-5 

B 2 

37 

77 - I 

49*5 

As 

46 

95-8 

81. 4 

BS •••■• 

37 

, 77 - I 

43.6 

A 4 -.-. 

41 

85. 4 

77*0 

B4.. 

34 

70. 8 

SS-I 

As 

38 

79-2 

76. 2 

BS 

34 

70. 8 

61. 0 

A 6 

43 ' 

89. 6 

80. 1 

B 6 

44 

91. 7 

66.5 

Average . . 

42. 0 

87. s 

75-6 

Average . . 

36- 7 

76. 4 

55*0 

C I 

42 

87- s 

. 67. 6 

D I 

40 

83-3 

63.9 

C 2 

44 

91,7 

56, 0 

Da . 

38 

79.2 

62. 0 

Cs 

39 

81.3 

t-68. 7 

gs 

42 

87-5 

45 * X 

C 4 • • ■ 

38 

79,2 

73 - 0 

i D4 

44 

9^-7 

50.8 

C K 

41 

85. 4 

74. 5 

D 

7 

77. I 

CO. 4 








jy* *T 

C 6 

! 43 i 

89. 6 

69.8 

D6 

39 

81.3 

53 *^ 

Average . . 

1 , 41. 2 ' 

85.8 

68.3 

Average . . 

40. 0 

83.3 

55-7 

Bi..' 

1 42 , 

87- s 

76. 8 

F I ..... . 

36 

75-0 

47-6 

Ea 

: 46 

95-8 

73 * 3 

F2. 

41, 

85.4 

SI. 8 



1 ' 45 

93-8 

74 - 7 

FS---- 

45 

93-8 

55-1 


40 i 

83-3 

66. 8 i 

i F4. 

43 1 

89.6 

50.4 

ES i 

47 

97-9 

74.4 ! 

! Fs 

'43 ! 

' 89. 6 

52. 2 

i 

42 

87 - 5 

69. I 

: F6 I 

1 i 

39 1 

81.3 

58 . 2 

Average - . 

43 - 7 

91. 0 

72. 5 

! 

Average. - 

41. 2 

85.8 

S2.6 

, General 




General 




. average.! 

i 

42.3 

■ 88.1 

72. I 

average . 

1 

39 - 3 1 

j 

81.8 

S 4.4 


Table VII .- — Summary of data given in Table VI on the relation of previous cropping 
to the yield of^corn grown from disease-resistant and disease-susceptible seed at Bloom- 
ington, III., in IQ20 


. i 

, . , . 1 

Previous crop. 

Acre yield , of 
, corn gromoi 
from disease-' 
i resistant seed. 

] 

Acre yield of 
corn grown from 
diseaseisus-' 
ceptible : seed. 


1 : Bushels, 

■ Bushels." 

Clover (relatively clean soil), 

83.7^0,8., 

' ,,72. 9dbo. F 

■Scabby wheat (infested soil) , 

72.I±0.'9a 

S4.4±l.l 

Difference. .... 

, 11 . 6 ± I. 2 

. 18. 5 AT, 4 
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Tabi^H VIII . — Data showing field stands and acre yields from disease-resistant and 
disease-susceptible strains of Yellow Dent corn, both grown on afield of newly broken 
hluegrass sod and on a field previously cropped with scabbed wheat, at Bloomington, 
III., in ig2l 

PREVIOUS CROP— BEUEGR ASS SOB 



Resistant seed. 

Plat No. 

Field stand. 

Acre 

yield. 


Number 
oi stalks. 

Per cent. | 

A I.......... 

114 

1 

95 - 0 

Bushels . 

65- 7 

A 2. 

I14 

95.0 

61.3 

A3 • • 

II3 

94. 2 

57*0 

A 4 

119 

99. 2 

59-6 

As •• 

lOI 

84. 2 

50.8 

A 6 ' . . 

los 

87. 5 

48. 7 

A 7 .-.' 

ICO 

833 

46. 0 

AS... 

107 

89, 2 

54*3 

A 9 - • 

II4 

95*0 

62. 4 

Average. . 

109. 7 

91.4 

56. 2 

C I . . 

117 

97 * 5 

60. 9 

C 2. 

116 

96. 7 

49.8 

C 3 ... 

119 

99.2 

60. 7 

C 4 

1 19 

99. 2 

56.9 

C S 

120 

100. 0 

48. 0 

C 6. . 

115 

95-8 

52 * 2 

C 7... 

119 

99-2 

S 3 * 5 

G'8. ......... 

C 9.......... 

116 

120 

96.7 
100. 0 

51*9 
SS. 7 

Average . . 

117.9 

98-3 

54-7 

Ex 

117 

97 * 5 

67. 0 

E 2 ' 

119 

99.2 

67.4 

E 3. 

119 

99. 2 

67.7 

E 4 ■ — 

118 

9S. 3 

51*3 

E 5 '.^ 

XI 7 

97 * 5 

60. 0 

H 6 . 

II6 

96.7 

56.3 

E 7 

II4 . 

95*0 

59-6 

■ E 8. 

no 

91*7 

58. 5 

E 9 

1x6 

96*7 

45-0 

Average . . 

1 16. 2 

96.9 

59-2 

Oeneral 
average . 

i'X 4 . 6 

95-5 

56- 7 



Susceptible seed. 

Plat No. 

Field stand . 

Acre 

yield. 


Number 
of stalks. 

Per cent. 

B I. . 

IIS 

95 - 8 

" 

Bushels. 

56- 3 

B 2 

IIO 

91- 7 

51. I 

B 3 • ■ 

108 

9a 0 

45. 2 

B 4 

IIO 

9 X. 7 

51- 9 

B S 

B 6. 

108 

no 

90. 0 

91. 7 

47. 8 
54 - 5 

B 7 

103 

85.8 

5^*3 

B 8 

,106 

88.3 

47 * 4 

B 9 


95-8 

46, 0 

Average . . 

109. 4 

91* 2 

50. 2 

D I 

117 

97. s 

52.4 

D 2..''. 

114 

95.0 

58. .5 

D 3 

116 

96. 7 

52. 8 

D 4.. 


95-8 

48. 4 

D s 

116 

96. 7 

49 * 8 

D 6 

116 

96. 7 

48. 2 

B 7 

117 

97.5 

41.4 

D 8 

109 1 

90. 8 

52 . I 

D 9 

1x6 

96.7 

53* 7 

Average. . 

IIS- I 

95-9 i 

50. 8 

F I., 

108 

■ 90- 0 

66. 8 

F 2 

86 

I 71.7 

46. I 

F3 

109 

90.8 

1 63. 4 

F 4.-..--- 

104 

86. 7 

I 52- 6 

F S 

100 

83.3 

' 47* 6 

F 6 

105 

87. 5 

58. 7 

F 7 

107 

89. 2 

54. .6 

F 8 

lOI 

84. 2 

66.3 

F 9 

109 

' 90. 8 

^i* 3 

Average . . 

103. 2 

86.0 

57- 5 

General 
average . 

109. 2 

91. 0 

52- 8 
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Tabi.15 showing field stands and acre yields from disease-resistant and 

disease-snscepiible strains of Yellow Dent corn, both grown on afield of newly broken 
blnegrass sod and on a field previously cropped with scabbed wheat , at ■Bloomington,, 
Hi.," 'in jp2/— Continued . ' ■ ' 

PREVIOUS CKOP-SCABBEP WHEAT 


Plat No. 

Resistant seed . 


Susceptible seed. 

Field stand. 

Acre 

yield. 

, r-latN,--. 

■ 

Field 

Stand. 

Acre 
, yield. 


Number 
of stalks. 

Per cent. 

Number 
of stalks. 

Per cent. 

A I 

A 2 

A3 . • • 

A 4 • 

A 5 

A 6....' 

A 7 

114 

119 

114 , 

115 

114, 

113 ' 

116 

112 ■ 1 
115 

95-0 
99.2 
95-0 
9 S-S 
95*0 
94- 2 
96. 7 

93*3 

95.8 

Bushels . 

52.4 

59-3 

48,9 

46.4 
51-3 
50. 8 
61. 7 

58.7 

50. 2 

. 

B I 

B 2 

B 3 

B 4 

B S 

B 6 

B 7 

104 

106 

113 

II 2 

114 

110 

109 

III 

III. 

■86. 7 
88.3 
94 - 2 
93*3 
95 * 0 

91. 7 
90. 8 

92. 5 
92. 5 

Bushels - 
- 48.4 
50.9 
38.8 
30. 6 
31.6 
, 37 - 0 

S'O- 6 
43-7 
36. 6 

A 8 

A 9 

B 8 

B 9 

Average . . 

114. 7 

95-6 

53-3 

Average . . 

no. 0 

91. 7 

40.9 

C I. 

115 

95- 8 

67-3 

D I 


95 - 8 

49 - S 

C 2 

116 

96. 7 

55-0 

D 2 

102 

85.0 

■ 47 * 3 

c 3 

1 12 

93*3 

51.0 

D 3 

98 

Si. 7 

42. 8 

C^ 4 

119 

99.2 

50.2 

D 4 

108 

90. 0 

39 - S 

c 5. i 

114 

95*0 

55 - 4 

D 3 

II3 

94. 2 

41. 2 

C 6. . ........ 

1T7 

97 * 5 

i 4 

B 6.... 

II 2 

93 - 3 

45-6 

C7 

119 , 

99. 2 

r . 57*0 

B 7 ••••■■ 

1 16 

96. 7 

40. I 

C 8 

r iie; ' 

Q e. S 

SI. 3 

D 8 

1 14 

95 .,' 0 ''; 

48. 2 

c 9 

120 

Vo* 

100. 0 

1 0 0 

46. 0 

B 9. .. . ... ... .1 

L 115'' ■' 

95-8 

; 43.2 

Average . . ^ 

1 16. 3 

96.9 

. 53 - 7 '' 

Average . . 

no. 3 

' 9^’ 9 

44, 2 

E I. 

118 


60. 2i 

F I... 

00 

82. 5 

52, 6 

E 2 ■ 

1 iS 

98-3 

66. 6’ 

F 2 

yy 

\ 105 

87*5 ■ 

49*7 

Es--- 

117 

97 ' S 

46 . I 

F3 

; 106 

88.3 

44 - 9 

E 4 

114 

95 ° 

49 - 7 

F 4... 

! 106 

88.3 

51. X 

E 5 

114 ' 1 

95 -° 

57-3 

F S--- 

1 ' ' 

87.5 

43 - 9 " 

E 6. 

118 . 

98-3 

54.3 

F 6 

1 106 

88.3 

36, 2 

E 7 

113 

1 94.2 

59 - 3 

F7.. 

i ' 95 

79.2 

41. 0 

E 8 

III 

! 92- s 

50.4 

F 8 

1 95 

79* 2 

45 - 2 

E 9. 

116 

96. 7 

49.6 

F 9 

109. 

90. 8 

' 42. 3 

Average . . 

115.4 

96. 2 

54-9 

Average . . 

! 102. 9 

85.7 

45-2 

, Generfl 




General 




average. 

iiS -5 

96. 2 

S 4-0 

average. 

j 107 - 7 

89.8 

43-4 
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Table IX. — Summary of data gixen in Table VJII on the relation of previous cropping to 
the yield of corn gro%vn from dhea^e-resistani and disease-susceptible seed at Btoomdng- 
ton, III,, in IQ2I 


Previous crop. 

Acre .yield of 
corn gro’W'ti, 
from disease- 
resistant seed. 

Acre yield of 
corn grown from 
disease-sus- 
ceptib'le seed. 

Virgin bluegrass sod (clean soil) - 

Bushels. 

$6. y± i, 0 
54. o-±i, 2 

Bushels. 

52. 8dbo. 7 
■ 43--4±i* 0 

■Scabbed wheat (infested soib '. . . 

Difference 

2. .7 ±1.6 

9.4±i.2 



The plats were located on a uniform piece of virgin, bluegrass sod with 
good drainage. The size of these plats was 4 rows wide by 10 hills long. 
Alternate with every plat planted with inoculated seed was a plat planted 
with uhinoculated seed. As shown in Table X, these plats were replicated 
a number of times for both the disease-resistant and disease-susceptible 
-selections. All the hills were 42 inches apart each way and were planted 
.at the rate of 3 kernels per hill. As in- all the other corn experiments, the 
plantings were made by hand to insure accuracy. Field stand and yield 
were taken on the entire plat 4 rows wide by 10 hills long, a total of 40 
hills with a perfect stand of 120 plants. 

RESULTS 

The field stand, the number of vigorous plants, and the acre yield 'were 
reduced in every instance by the inoculations, as shown in Table X.- - The 
reductions in yield were small, averaging 3 per cent, when seed of disease- 
resistant com veas used. A large decrease in yield, averaging iS'per cent, 
resulted from inoculating seed of disease-susceptible corn, which is repre- 
sentative of the corn in most general commercial use. By following the 
recommendations given by Holbert and Hoffer (10), and Holbert et al.,^ 
■seed com that is disease-resistant to a considerable degree can be obtained 
by the average farmer, and thus at- least part of the loss due to this organ- 
ism' can be avoided. In fact,. disease-resistant seed is already being used , 
and is gaining in favor very rapidly in. many parts of the Corn- Belt. ■ 

The -reductions in yield from susceptible corn were greater than the 
reductions in stand and were more comparable to the reduction fix per- 
centage of vigorous plants. This relationship in respect to vigorous 
plants has' been ■ previously pointed out by Holbert et al. (la)’." These 
experiments,, as well as others previously reported, show that GibbereMa 
[ saubinetii,' isolated irom infected wheat, is an active parasite on corn. 
The organism has not been found to go up through the stalk during the 
active -growing period, but' apparently confines its attack to the under-, 
ground parts of the seedling,, thus - decreasing stand and plant vigor. 
This results in reduced resistance to' later invasions by other parasites and 
in low yields, of corn of poor quality. ' ■ , 


® 'Ho-lb.S'RT, J.-R., aiid.,'q>tliers.. ' Op. ax. • 
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Tabi^E 'K.—Data showing the field stands, percentages of vigorous plants, and acre yield 
from disease-susceptible and disease-resistant strains of Yellotv Dent corn uninoculated 
and inoculated with Gibberella saubinetii, when grown on bluegrass sod at Blooming- 
ton, III., in igzi 


Character of 
corn. 

Seed inoculation* 

Num- 
ber of 
re- 
plica- 
tioQS. 

Number 

of 

plants. 

Per 

cent- 

ajreof 

field 

stand. 

Per 

cent- 

ageof 

rigor- 

ous 

plants. 

Acre yield. 

Reduction in yield 
caused hy inocu- 
lation. 

Disease-sus- 

ceptible. 

Disease-sus- 

ceptible. 

Disease-re- 

sistant. 

Disease-re- 

sistant. 

1 

1 

/Control 

8 

; ' 4 

3 

4 

1 28 

i 14 

1 28 

1 14 

888 i 

i 336 
878 

1 385 

' 3.300 
L 572 
3)259 
L556 

92.5 

80. 4 
91*5 
80. 2 

98. 2 
93-6 
97.0 

92.6 i 

79.6 

59-4 

75-8 

58.9 

90.4 
80. 9 
87, 2 
78.2 

Buskeli. 

59 - 3: it I. I 
48, 6dii. 9 
54, 6 ±1.4 
44 - 7 ±i -3 

74. 2io. 9 

71. 6d:i. 3 

72. i±o. 9 
7 o. 4 ±,i. I 

1 : 

Bushels. ' 

Per ci. 

[G. saubinetii. . 
/Control 

10. 5±2. 2 

17. 8 

\Cr. saubinetii. . 
/ Control 

9. 9 ±i. 9 

; 18.1 

\G. saubimtii . . 
/Control 

2 . 6 rbi. 6 

3 -S 

Id. saubinetii . . 

I. 7 ±l- 4 

2.4 

i 


CROP ROTATION FOR THE CORN BELT 

It is evident that wheat should not follow com in a rotation if wheat 
scab is to be held in check. Even though the stalks are removed and the 
field is plowed, some corn stubble will not be turned under and some will 
be pulled up again by the harrow. The wheat-scab infection in this case 
will be much less than if most of the cornstalks were left on the field., but 
it will be higher than it would be if there had been no corn preceding the 
wheat. 

In a four-year rotation, including one year of corn and one year of 
wheat, there would be considerable advantage from the standpoint of 
controlling wheat scab and com rootrots in arranging the rotation so that 
the wheat will neither directly precede nor follow the com crop. Other 
small grains such as oats or barley, soybeans, clover or other legumes, or 
timothy, would be desirable to use as the intervening crops, as they are 
either immune or generally only slightly susceptible to the attacks of 
Gibberella saubinetii. 

In large parts of the Corn Belt it may be desirable to grow corn more 
frequently than one year in four. In that case it seems best to use a five- 
year rotation with two years of com in succession. For the other three 
years the same plan as above can be followed. 

Some people insist on using a rotation of two years’ corn in every four, 
with wheat as one of the intervening crops. In that ease the wheat 
should immediately precede rather than follow the com crop, taking care 
to use the best disease-resistant seed com' obtainable. It seems doubtful, 
however , whether a crop rotation of so per cent com can be recommended 
from the standpoint of permanent crop improvement. 

vSTMMARY 

Wheat scab ^was most severe where, wheat followed corn 'in the rotation. 

The yield of com susceptible to roo'trot ' was, considerably reduced 
where corn' followed badly scabbed wheat in the rotation. ' 

85606—24 6 ' 
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Gihherella sauhinetii was the principal organism isolated from scabbed 
wheat heads. The same organism was found very abundantly on old corn- 
stalks. 

When used as an inoculum on disease-susceptible com this organism 
caused a considerable decrease in stand, general vigor, and yield. 

Resistant strains of corn, field selected, ..well cured, and also selected on 
the germinator for vigor and freedom from disease, were injured to a less 
extent by inoculation with the wheat-scab organism. Such coi'n also did 
not suffer much reduction in yield when grown after scabbed wheat. 

A crop rotation in which the wheat crop neither directly precedes nor 
follows the corn crop seems highly advantageous for the corn-wheat 
sections. • 
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PLATE I 

Gibberella sauhinelii on Qxop 

A. - — ^Winter wheat sown On com land. The cornstalks were broken down with a 
4rag, after which the field was disked both ways and then plowed. Enough diseased 
-stalks remained on the surface to carry scab to the entire wheat crop if weather con 
ditions were favorable for the development of scab during and immediately following 
.the blossom period. 

B, C. — Perithecia of Gihberella saubinetii on cornstalks and stubble left on the surface 
of the soil. 

D. — Perithecia of Gihberella saubinetii on wheat stubble and straw which was found 
on the surface of the ground in the vicinity of a straw' stack. 

(880) 
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PIRATE 2 

Com root and stalk rot caused by GibbereUa sauMmiii 

A, B.”— Tbe influence of seed inoculation with Gibberella sauhinetii on the develop- 
ment of com plants. A, Yellow Dent com planted on clean land; seed inoculated 
with G. sauhinetii at time of planting. B, control. Note the difference in height of 
plants of the same age in inoculated and control rows. 

C.— Plowing under a field of Marquis wheat rained by scab. The yield of disease- 
susceptible corn planted on this field the following season was greatly reduced, whereas 
the disease-resistant corn gave fair yields. 




MEASUREMENT OF EINKAGE VALUES^ 


By G. N. Colons 

Botanist in Charge, Biophysical Investigations, Bureau of Plant Industry, United States 

Department of Agriculture 


The demonstration that Mendelian characters are inherited in groups' 
that correspond to the chromosomes has been followed by much in- 
tensive work directed to the determining of the relative position of the 
genes in the individual chromosomes. 

If two Mendelian characters are shown to be correlated in trans- 
mission their genes are assumed to lie in the same chromosome, and are 
said to be linked. The early idea that the linkage relations might exhibit 
a numerical regularity comparable to Mendelian ratios has been aban- 
doned. There is now much evidence to show that the degree of asso- 
ciation of genes assumed to lie in the same chromosome is profoundly 
influenced by environmental factors. 

Since closely related progenies frequently show widely divergent cross- 
over ratios for the same pair of characters, a high degree of accuracy in 
measuring the ratio may seem to be of little value. But in all work that 
aims to test or to extend knowledge of the interrelations of characters 
it is of the greatest importance to determine whether any two characters 
are inherited independently or show a low degree of linkage. 

When the linkage is loose a large number of individuals is required to v 
establish the linkage. In all such cases it is necessary to be sure that 
the method used for demonstrating the relationship of two characters is 
accurate. If the method is such that a correlation is indicated where 
none exists, large numbers will only inspire confidence in a spurious, 
linkage. 

The most generally used method of determining the linkage relations 
of two characters is to cross individuals of the with individuals that 
are homozygous for the recessive allelomorphs of both characters. The 
sum of the individuals representing the two crossover or nonparental 
combinations expressed as a percentage of the total population is then 
taken as representing the percentage of the gametes in which crossing- 
over has taken place. Tliis is undoubtedly the most simple and direct 
method, for if dominance is complete each back-crossed individual indi- 
cates directly the nature of the gamete that entered into its compo- 
sition. , 

With many plants this method of back-crossing can not be used. Often 
the technique is difficult and it is impossible to obtain back- crossed indi- 
viduals in sufficient numbers to afford reliable averages. In locating 
new recessive characters by the back-cross method there is the loss of a 
generation necessary to obtain a double recessive stock. In otirer in- 
stances double recessive individuals are weak and it is difficult to main- 
tain the stock. Because of these difficulties in determining linkage 
values by the direct method many investigators have come to use F^ 
populations. ' 

1 Received fw publication Fe%. 1, 1924. , 
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A number of methods have been proposed for determining the cross- 
over ratio from, an'F's population, any of which will give accurate results 
for a theoretically perfect population. In practice, however, disturbing 
factors, such as differential death rates or indistinct classes frequently 
cause significant departures from a theoretically perfect population. 

Disturbing factors are made manifest by departures from the expected 
Mendeliaii ratios , for eacli ■ character. Deviations from expected Mende- 
lian ratios mav be due to a variety of causes any of which may be without 
effect on the' percentage of gametes in which crossingover has taken 
place, but which- may influence the apparent percentage of crossingover 
as determined, from zygotic ratios. 

The results obtained by the different formulae are variously affected 
by departures from expected Mendelian ratio depending on the cause of 
the deviation, and there seems to be no single method that will give the 
most accurate results in all cases. 

Although it may not . be possible to determine with certaint}’’ the 
cause of any given departure from an expected Mendelian ratio, fre- 
quently there will be 'Strong presumptive evidence in favor of some one 
cause, and when such is tlie case it should be of value to be able to choose 
a method that is not seriously affected by the disturbing factor. In the 
following pages the methods in most general use have been brought 
togetlier and compared empirically as to their accuracy. 

NATURE OF ABERRANT MENDELIAN RATIOS 

Departures from expected Mendelian ratios may be due to irregu- 
larities in the behavior of the gametes or of the zygotes. Several types of 
gametic disturbances have been recognized, such as the formation of 
dominant and recessive gametes in unequal numbers, differential mor- 
tality, and selective fertilization. The effect on linkage relations is the 
same in all cases — that is, effective gametes bearing the dominant and 
recessive members of an allelomorphic pair are unequal in number. 

Similarly, there may be a variety of ways in which one zygotic class- 
is influenced adversely, but the general result is a differential mortality 
or a difference in the survival value of dominant and recessive individuals. 

In addition to these two main causes of aberrations there is the slightly 
different case that results from .mistakes in tlie classification of zygotes. 
The deviation is, of course, zygotic, but while the numbers representing 
one member of the character pair .are increased' at th.e expense of the 
other, it is not 'th,e same as a differential mortality, for if there is a linkage 
between , the two character pairs a differential death rate in one character 
must necessarily affect the ratio of dominant to. recessive in the o.ther 
character, whereas mistakes in .the classification of one clia.racter do not 
affect tlie ratio of dominant to, recessive in the second character. 

In discussing the various measures of linkage the' following terminol- 
ogy. will, be used.:. , ' ' 

■AB, Ab, a-B, a6 = the number of individuals in each of the four zygotic- 
classes in a. hybrid involving two -character pairs A a and Bb, ■ ■ 
total number of individuals: 

'p-=that part of the total number of ga.metes in which crossingover 
haS'takenplace expressed .aS'a. decimal; fraction. \ 

'' ' ' 1 — — noiicrossover' gametes. . 

The percentage of crossingover ' is: them x . loo and the crossover 
ratio IS 

P P 
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MEASUREMENT OF EINKAGE BY THE BACK-CROSS' METHOD 

The back-cross method, sometimes called the direct method, may be 
used when the cross is of the nature Aa Bb X aa hh, ■ The formula is: 

, Ah-^aB 


The probable error of this determination is usually given as : 

Even this approved method of determining the degree of linkage may 
not be entirely free from error w^hen the Mendelian ratios do not agree 
with tlie expected. 

Haldane states (5,^ p. apa) that by the method of back-crossing “we 
automatically eliminate the effects of differential mortality due to one 
factor, or to both if they affect the mortality independently.’’ This ap- 
pears to be an error. Take a simple example with no linkage, if there is 
no differential mortality the four zygotic classes whll be equal. If now 
in such a population 50 per cent of the recessive class of each character 
fails to survive, the observed classes will be in the proportion 4. AB, 2 
Ah, 2 aB, I ah, indicating a linlcage between dominants with 44 per cent 
crossing-over, 4/9 ==.444-. 

If the Mendelian ratios ate aberrant in only one character the linkage |j 
relations are not affected, but where there are departures in both, the 
per cent of crossover individuals will fail to indicate the true ratio of 
crossover to noncrossover gametes. If the extent of the error or the 
spurious linkage be designated e, then its value is ^=.5™^— s-1-2 ts \ 
where r = the number of individuals recessive with respect to one char- 
acter divided by the total number of individuals and s = the correspond- 
ing determination with respect to the other character. 

If either r or ^■ = 0.5, e will equal 0.0 — ^that is, there is no spurious link- 
age. If both r and depart from 0.5 in the same direction there will be 
a spurious linkage between dominants. If r and s depart from 0.5 in 
opposite directions the spurious linkage will be between dominant and 
recessive. 

To, eliminate the effects of differential mortality on the measurements.' 
of linkage in, back-crosses, Bridges (a/ p. j) proposed the method' of, 
balanced viability. The procedure is to average tlie results obtained 
from two original crosses in which the parental combinations are reversed, 
that is, AABBXaabb and AAbbXaaBB, This method practically 
eliminates the effects of differential. , mortality, either in gametes,, or^ 
zygotes and undoubtedly is the most desirable method to use wheneV'Cr 
material for making, the two crosses can be made .available. " ' ' 

.' methods for determining 'EINKAGE '.values' from an," FA' 

, POPULATION ' ' '■,,T 

'■ ^T'liree,' general me-fhods ' have been, proposed for, measuring .linkage 
values in an ,F2 population. ' ."These are, Yule's coefficient, of association, 
“Q,” Emerson’s method, “P,” and Haldane's method'^ T.’’ 


2 Reference is made by iiiiraber (italic) to ‘Xiterature cited,*' p. 891. 
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YUI^K’S CO:iSl^FlClBNT 0^^ ASSOCIATION 

The formula ior Q is: 

^ AbXaB — ABXab 
^ “ Ab^aB A AB X ^ * 


where Ab, aBy and ah represent the numbers of individuals in the 
four zygotic classes of an population. The probable error of Q is: 

By reference to a table giving values of Q for the various values of p, 
the value of p corresponding to the observed Q is assumed to be the p 
of the observed population. 

A short table of lie values of Q for integral gametic ratios where domi- 
nants are linked was given by the author (j) . It was pointed out by 
Bridges (r) that a different table was needed when dominant and reces- 
sive are linked and for accurate determinations it is, of course, necessary 
to resort to interpolations. These difficulties may be obviated by using 
the following formula : 


.(2) 


A2.. V4-2g(ig-l)-2 

^ 20 

To make this formula applicable when dominants are linked it is neces- 
sary to retain the arrangement of the zygotic classes in the following order, 


{AhXaB)-{ABXah) 


When the linkage is between dominants and Q 


{AbXaB)A{ABXah) 
is negative, p will be greater than 0.5 and will represent the noncross- 
over group. 

In a back-cross the coefficient of association also may be used to 
j measure the degree of linkage and the result is not affected by differential 

Q— j-f Vi — 


I death rates. In back-crosses ^===- 




BMl^RSON'S METHOD 

The second method for evaluating p was proposed by Emerson {4). 
Stated in terms of p and i — p instead of the r and .y of the original 
formula, and taking AB + ah as the crossover classes, the determination 
becomes ' 

(3) 

No formula for the probable error of this method has been suggested, 
but the formula for the^ probable error of - a ratio given' under the back- 
cross method should provide a fair measure of the reliability of results. 
This method has the merit of extreme simplicity, but as Emerson pointed 
out it , becomes unreliable when there are' wide 'departures from , expected 
Mendelian ratios. The method has been extended , by: Woodworth ' (7) 
to include multiple-factor, characters. ' In such' cases the use ^of p and 
for the crossover and' noncrossover gametes : instead of ,f and s . 
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results in a very material simplification. Thus Woodworth’s formula 
(a) for two characters segregating in the ratios 3 : i and 15 : i which 
is given as i2r^+ii (^+2 rs) : 3 (^^+2 rs) : s^+2 rs becomes 

ii+p^ : 4— i — and the formula for^ evaluating p from an 


observed zygotic distribution becomes. 


’p -4 


8 (i4 B d” ah') 


-5-5 


Formulae for calculating p for some of the zygotic distributions most 
frequently, encountered are given below: ■ 

2 (Ab + aB) 
n 

32 {AB4- ab) 
n 


3 ; I and i : i ji>=- ^ — -.5 

63 : I and 3 : i — ^-23. 5 

i5:iandi5:i/>^ = 3Uifi^±^-28 

n 

8 (AjB + a6) 


15 : I and 3 : i p^-~ 
9 : 7 and 3 : i — 
9 ; 7 and 9 P 
9 : 7 and 15 : i p^= 


n 


--*5-5 


16 (AB + ah)— 7 '^ 
6n 

3 32 (AB 4 'ab) — i4n 

32 (AB + ab) — i7n 
Sn 


HAnBAN:S’S Ml^raOB 

The method proposed by Haldane may be written in the form: 


where 




3iJi + {2+ts)t t 
2 4-4^a 


■(4) 


^ n 


_ 4 ab 
^ n 


4 is an, approximate value and when the observed classes, are, wide de- 
,, partures from expected Mendelian ratios, it is necessary to make a further^ 
\:approximation by substituting T for' ia in formula (4). ■ 

^ The method used in .deriving the formula is to determine the , 'most 
probable, value, of for an observed', population where ,,; the ,depart,iires' 
from expected Mendelian ratios are result of errors of sampling. 
The probable error is given by Haldane ',('5, p. 295) as: 


> = - 477 -^ 


( 2+j>^) (1- ^^) 

(l+2^)« 
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Haldaae states (5, p. 2^4) that the method gives the same value for p 
as Yule's coefficient of association* This. is, of course, true for a perfect 
distribution and it appears to hold also where the Mendeliati ratio of only 
one of the characters is disturbed through a differential mortality of 
either gametes or zygotes, but where both characters are affected the two 
methods do not give identical results. ' Take for example a case with 
no linkage, that is in which the recessive gametes of both 

characters are not effective. The observed zygotic classes would be 
64: 8: 8 : I, «==8i, Q-o, giving = 

Haldane’s formula gives p = .yiii as the first approximation. As a 
result of ten successive substitutions of T for 4 the value of p is reduced 
to 0.6626 the last substitution producing no change in the first four 
decimal places. It is clear that 0.5 is not the asymptote. 

COMPARISON OF METHODS 

In determining the per cent of crossingover from an population it 
is necessary to bear in mind that a value of p which gives a constructed 
population in closest agreement with the obser\’^ed population may not 
be the correct value or the best that it is possible to find. 

Before any attempt can be made to evaluate p it is necessary to make 
some assumption regarding the factorial composition of the characters 
involved. If these assumptions are wrong any formula will lead, of 
course, to an erroneous value of p. It follows, further, that if there are 
departures from the expected Mendelian ratios, whether due to chance, 
selective fertilization, differential death rates or mistakes in classifica- 
tion, these departures may introduce errors into the calculation of p 
when populations with perfect Mendelian ratios are used as criteria. 
A method which would determine p by reference to a population with 
the observed instead of the theoretical Mendelian ratios should be free 
from this defect. 

Of the proposed methods the coefficient of association, is the one 
i that most nearly meets this requirement. Since Q is based on the rela- 
tion that exists between the product of the two crossover classes as 
compared with the product of the two noncrossover classes it is un- 
affected by zygotic changes in Mendelian ratios. 

Q is slightly affected by mistakes in classification, and by differential 
fertilization, but tlie most frequent cause of departures from Mendelian 
ratios is a differential death rate of zygotes and this has no effect on the 
value of Q. That has decided limitations as a measure of correlation 
should not affect its use as a measure of linkage. There is, however, one 
serious drawback to the use of Q. When any one of the classes is small, 
changes in this class produce a disproportionately large effect on the 
value of Q. When one class is o and Q equals' i, it may be open, to argu- 
ment' whe|^er the correlation is or isAot perfect, but certainly it does 
not follow, that the linkage is complete. 

■ 'Wlien'.do.minant and 'recessive', are linked and the .population is small' 

\ failure to. recover the double recessive class may result from errors of 
'Isamp'iing. In such cases p may ■ be- calculated from the other three 

classes as ffollovrs: , / - — 7-^ —- ' 

j2 AB-2 (AbFaB) 

\2ABFiAbAaB) 

■Similarly, if there is difficulty ,in, distinguishing any two classes ' as,' .for 
-.'exa.iiiple, aB and ab p may be calculated irom the ratio' of" AB to' A 6 or 
.AB to'.'the .total [AB - 2 Ab • ^ ", ■■ '' [4 AB'^ 2 %■" 
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X"" AS A MEASURE OF UINKAGE 

One of the most fuadamental determinations in connection with 
linkage problems is to discriminate between a low linkage ■ value and 
independent inheritance. This is done b}’ calculating the of fho ob- 
served population from a theoretical population of the same size with 
no linkage. 

If the theoretical population is constructed in accordance with the 
expected Mendeiian ratio the result will be erroneous unless the observed' 
population conforms exactly to the expected Mendeiian ratios. Any 
■irregularity in the behavior of the- individual characters wdll increase 
and may indicate a linkage when none exists. 

It would seem that the correct procedure should be to construct the 
theoretical population from the observed instead of the expected Mende- 
iian ratios. 

A theoretical population, A^B% A'b\ and aT' of the same size 
and having the same Mendeiian- ratios may be constructed as follows: ■ 

^ „ (aB Vab)X(AbV ab) 

*” n 

X (AS 4- aB) 
n 

{AB-j-Ab) X(A6 4-^x6) 

{ABAAh)X{AB^aB) 

' n „ , . 

The observed distribution is compared with the theoretical distribution 
and is determined as folio w's : 

, (AS-A''S0" , (Ab-A'by , {aB-a^B'f , (ab-^a'by 

“ A'B' A’b’ ‘ ■ a'B' a'h' 

The degree of confidence 'to be placed in the observed departure is 
indicated in the following table: 


Odds against 
, the deviation 
being due to 

X' chance 8. 

1 -. 2 to I 

2 ■ , . . 7 to I 

3.. . ■ I. 6 to I 

4 : ' 2. 8 to I 

5 4. 8 to I 

6.. . 8. o to I 

7.. . 12. 9 to I 

8. 20. 7 to I 

9. 33. 1 to I 

10. . ... .... 52. 9 to I 

11.. ' '■ ■ '. 84. 3 te ,i 

12.' ' ■ 134.4401 

13 2 14. 7 to I 

14- , '343' 2 to I 

15 • 549- 4 to I 

16 ■ 8S0. 8 to I 

17. ij 413.-4 to I 

18. 2, 271. 7 to. I 

19. . ... ' ,2,662.0 to I 

20 .5,881. 4 to I 


® Calculated from the values of p given in Pearson’s '‘Tables for Statisticians and Biometridans,”* 
Table Xil (d). 
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Since tlie different methods of calculating crossover ratios are variously 
affected when the Mendelian ratios show departures, from the expected, 
it may be of value to determine empirically how Mendelian deviations 
of the various kinds affect the results obtained by the different methods. 

It would be of great interest to have the effects of Mendelian deviations 
on the various methods investigated by a competent mathematician, 
but until this is done a comparison of examples may, be of some assistance. 

Deviations from expected Mendelian ratios fall into tliree groups : 

, (i) Effective gametes of the recessive and dominant classes are not 
produced in equal numbers — Differential mortality of gametes. 

(2) Individuals showing the dominant or recessive character may 
not survive in equal percentages- — Differential mortality of zygotes. 

(3) Individuals showing the dominant or recessive character may be 
wrongly classified as belonging to the opposite class. 

In each of the above the departure may affect one or both characters. 

Back-crosses and straight F3 populations will be considered separately. 
In the case of a back-cross (i) and (2) produce the same result. 

It should be kept in mind that differential death rates with 
which we are concerned and the effect of which we wish to eliminate 
are those in which one member of an allelomorphic pair, considered 
without respect of other Mendelian characters, has a higher death rate 
than its mate. Death rates due to incompatible gametic or zygotic 
combinations, may be distinguished from linkage by the method of 
balanced inviability proposed by Bridges. 

Table I shows the effect of the various forms of Mendelian aberrations 
on a back-crossed population. It will be noted that in many cases a 
formula gives the correct result when and does not give the correct 
result when there is a linkage. 

Table II compares the accuracy of the three methods in F3 populations 
where there is no linkage. 

I It appears that Q gives the correct result except where one of the 
I classes is not represented. 

^ T likewise gives the correct result with either gametic or zygotic 
disturbances provided only one of the characters is affected. Where 
both characters depart from the expected ratio, either gametically or 
zygoticaliy, a linkage is indicated where none exists. 

With departures from the expected of any kind P indicates a linkage, 
but in cases where the double recessive class is not recovered, P indicates 
but a slight departure from no linkage while both Q and T indicate per- 
fect linkage. • 

Table III makes similar comparisons where there is linkage with 25 
per'' cent crossingover. It appears that Q gives the correct rc'sult in all 
cases where the disturbance is zygotic except in mistaken classification 
and failure to recover the double recessive class. In the latter instance 
P is only slightly affected. P also has a slight advantage in the case 
where recessives are misclassified as dominant and the linkage is be- 
tween dominants. 

. ' When the disturbance is gametic, there is very little difference between 
Q and' T though Q has a slight advantage in five of . the six examples. 
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Tabi,E I . — Measures of linkage in a bach^cross 


(i) No linkage, L e., p s 



Zygotic classes. 

Observed value of p. 

AB. 

Ah. 

aB. 

ab. 

Total. 

Ab+aB_ 

n 

a. 

Perfect pop^nlatiou , 

1 

I 

r 

I 

4 

0. 5000 

0 . 5000 

25 per cent a gametes not effec- 






tive : 

4 

4 

3 

3 

14 

. 5000 

, 5000 

25 per cent a and h gametes not 1 








effective ! 

16 

12 i 

12 

9 

49 

. 4898 

. 5000 

25 per cent a and B gametes not 








effective ■ i 

12 

16 

9 

12 

49 

.5102 

,5000 

25 per cent a zygotes wrongly i 








classified as ^ 

! 

5 

■5 ■{ 

3 1 

3 

16 

. 5000 

. 5000 


(2) Dominants linked, 25 per cent crossingover, i. e., p=‘.25 


Perfect population 

3 

I 

X 

3 

8 

0. 2500 

0. 2500 

25 per cent a gametes not effec- 








tive 

12 

4 

3 

9 

28 

. 2500 

.2500 

25 per cent a and b gametes not 








effective 

25 per cent a and B gametes not 

16 

i j 

4 

4 

9 

33 

. 2424 

. 2500 

effective 

25 per cent a zygotes wrongly 

36 

1 

9 

16 ! 

36 

97 

■2577 

.25'00 

classified as A . . 

i ^3 

1 

.7 

3 i 

9 

32 

.3125 

. 2976 


TablB II . — Comparison of methods of measuring linkage in F 2 
No linkage, i. e,, i>«.S 




Zygotic classes. 


Observed value Gi p. 


AB. 

Ab. 

aB. 

ab. 

Total. 

a. 

p*' 

T. 

Perfect population 

9 

3 

3 

1 

16 

0. 5000 

0. 5000 

0. 5000 

25 per cent a gametes 
not effective 

120 

40 

27 

9 

196 

. 5000 

• 5624 

.5000' 

2 5 per cent a and b gam- 
etes not effective 

ij 600 

360 

360 

81 

2, 401 

.5000 

.6336 

. 5260 

2 5 per cent a and B gam- 
etes not effective 

1,320 

640 

297 

144 

2, 401 

. 5000 

.4685 

.4798 

25 per cent a zygotes die. 

12 

4 

3 

I 

20 

. 5000 

• 5477 


25 per cent a and b 
zygotes die, 

144 

36 

36 

9 

225 

. 5000 

.6000 

' , •■■S'X 33 

2 5 per .cent a and B 
zygotes die. 

108 

48 

27 

12 

^95 

,,5000 

. ,.,4804 i 

4-836 

25 per cent a zygotes 
called A 

39 

13 

9 

3 

64 

.5000,.: 

>'SS 90 '''' 

: ' .' 5000 , 

Double recessive class 
not recovered. ... 

9 

3 

3 

0 

15 

. 0000., 

. 4473': ■ 

. 0000 

i' 
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Tabi^E III . — Comparison of methods for measttring linkage in F,-,, 25 per cent crossing- 

over -SI • ■*'*'*' 



Nature of 

Zygotic classes. 

Value of p . 


linkage. 

AB . 

Ab . 

aB . 

ab . 

Total. 

a . 

p. 

T , 

Perfect population . . . 

25 per cent a gametes 
not effective. 

2 5 percent a and b gam- 
etes not effective. 

25 per cent a , and B 
gametes not effective. 

25 per cent a zygotes 
die. 

2 5 per cent a and b zy- 
gotes die. I 

25 per cent a and B zy- i 
gotes die. i 

25 per cent a called A . | 

Double recessive not | 
recovered. | 

]D and . 

\D and D . . . 
(D and R . . . 
\D and D . . . 
fD and R . 
\D and D. . . 
(D and R . . . 
\D and D . . . 
f D and R . . . 
;\D and D . . . 
fD and R . . . 
[D and D. . . 
(D and R . . . 
\D and D. . . 
(D and R , . . 
\D and D . . . 
D and R . . , 

33 
41 
424 
552 
5,440 
7,488 
4, 824 

5, 976 

132 

164 

52S 

656 

396 

492 

i 147 

171 
! 33 

1 

15 

7 

216 

88 

1,944 

792 

3^456 

1,408 

60 
28 

180 

84 

240, 

112! 

61 
37 

' 15 

^5 

7 

135 

63 

r,944 

792 

1,377 

729 

45 

21 

180 

84 

135 

63 

45 

1 21 

15 

I 

9 

9 

Si 

81 

729 

144 

1,296 

3 

27 

9 

81 

12 

108 

3 

27 

0 

64 

784 

784 
9, 409 
9,801 
9, 801 
9, 409 
240 
240 

897 

90s 

783, 

77S 

256 

256 

63 

0, 2500 

• 2500 
.2377 
. 2432 
. 2263 

• 2359 

. 2496 
. 2498 
. 2500 
. 2500 
. 2500 
. 2500 
. 2500 
. 2500 
. 2600 
. 2742 
. 0000 

0. 2 500 
. 2500 

• 5997 

• 2^59 
. 4166 

•h773 
. 1174 
. 2612 

•3536 

. 2308 

. 4442 

- 2071 

• 2053 

i - 2595 
.4146 
. 2605 
. 2182 

0. 2 500 
. 2500 

• 2336 

. 2417 
.2349 
■ . 2188 
. 2288 
. 2605 
. 2500 
. 2500 
. 2619 
. 2416 
. 2415 
. 2582 
. 2644 
. 2808 
. 0000 


SUMMARY 

Some measure of linkage is necessary in all studies of the association 
between characters and chromosomes. 

Back-crossing the on double recessives affords the most direct 
measure but wdth many plants this method can not be used. There is 
also a slight though usually unimportant error in the use of this method 
when the Mendelian ratios depart from the expected. 

Three methods have been proposed for measuring linkage in the F^* 

(1) Yule’s coefficient of association, Q. 

(2) Emerson’s method, P. 

(3) Haldane’s method, T, 

All of these give the correct result with a perfect population, but are 
variously affected by differential death rates of the gametes or zygotes, 
selective fertilization and mistakes in classification, which cause de- 
partures from expected Mendelian ratios. 

Departures from expected Mendelian ratios are grouped into three 
classes , and the effects of these departures on the accuracy of the three 
methods of measuring linkage in Fg are investigated empirically. 

' ' "No one method is found to be most accurate for all classes of departures. 

, Yule’s .coefficient of association, Q, most nearly meets the requirements' 
of a; general method and a formula is given for evaluating tlie degree of 
linkage from observed values of, Q.' 


ft 'B' arwi K«=sdpiiiinant and recessive linked, I) and 1> —dominants linked. 
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THE OSMOTIC CONCENTRATION, SPECIFIC EEECTRICAE 
CONDUCTIVITY, ■ AND - CHEORID; CONTENT,' OF 'THE' 
TISSUE FEUIDS OF "..THE' INDICATOR, PLANTS OF 
TOOELE VALLEY, UTAH^ 

By J. ArThitr Harris, Collaborator, Bureau of Plant Industry;^. A. GorTN'EJr, 
formerly Field Assistant, Biophysical Investigations and Alkali and Drought Resistant 
Plant Investigations; W. F. Hofrman, formerly Field Assistant, Biophysical In- 
vestigations and Alkali and Drought Resistant Plant Investigations; j. V. L-awri^ncB, 
formerly Field Assistant, Alkali and Drought Resistant Plant Investigations; and 
A. T. VAiyBNTiN®, formerly Field Assistant, Biophysical Investigations and Alkali 
and Drought Resistant Plant Investigations, Bureau of Plant Industry, United States 
Department of Agriculture 

INTRODUCTION 

During 1911-1913 Kearney, Briggs, Shantz, McLane, and Piemeisel 
( 24 ) ^ conducted a detailed investigation of the relationship between the 
plant associations and the soil conditions of Tooele Valley, Utah. The 
purpose of this work was to ascertain to what extent natural vegetation 
may serve as an index of soil conditions, and in consequence as an indi- 
cator" of the suitability for agricultural development of the soils of a dry 
and in part highly s^ne region. The work was a natural outcome of 
the interest in indicator vegetation aroused by a paper on the plains 
region by Shantz (27). 

With the exception of early papers by Hilgard and his associates, these 
were pioneer investigations on the utilization of the native vegetatiGn of 
the United States as a means of estimating the adaptability of the soil 
for agricultural purposes. The problem of indicator vegetation has since 
been treated more extensively by Clements (2), 

The investigations by our predecessors ( 24 ) included extensive deter- 
minations on the physical and chemical characteristics of the soil. They 
investigated moisture content, moisture equivalent, wilting coefficient, 
salt content, and electrical conductivity of the soil solution as measured 
by' the Wheatstone bridge, in .typical areas of the "more important plant 
associations. Their studies show that it is possible from an inspection 
of the vegetation to draw fairly definite conclusions concerning the 
physical and chemical properties of the soil. They correlated these two 
kinds of information with the results of a^icultural experience in this 
region, which has long been the locus of limited but intensive and intelli- 
gent crop production, both with and without irrigation. 

At the time these studies were made, methods for the precise measure- 
ment of the physicochemical properties of plant saps in the field were 
not available. It was not, therefore, possible for these authors to 

1 Received for publication Feb. i6, 1924. 

,* Reference" is ..made by ,niiinber,'.(ita|ic),'.to **Lriteratnre cited/' p. 922-924. 
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consider tiie physical and chemical properties of the^ plant tissue 
fluids in the same way that they did the physical and chemical properties 
ofthesoil. , 

Since their studies were completed, much progress has been made in 
the investigation of the properties of the plant tissue fluids in relation 
to environmental factors. The' pioneer plasmolytic studies of Drabble 
and Drabble (4) in the little diversified English habitats and of Fitting 
(5) in the extreme conditions of the North African deserts have been 
followed by more exact measurements by the cryoscopic method carried 
out in the Arizona deserts (xa), in costal deserts (15), in the man- 
grove swamps (x6), in the mesophytic habitats of the eastern United 
States (ix), where electrical conductivity of the sap has also been in- 
vestigated (ao), and in the Montane Rain Forest of Jamaica (17). The 
results of these studies, which have been reinforced in their significance 
by parallel investigations on the tissue fluids of epiphytic plants {18) 
and on those of parasite and host in the case of both rain-forest (15) 
and desert Loranthaceae (19) point clearly to a close relationship between 
the physicochemical properties of the leaf tissue fluids of the plant and 
its geographic distribution. The significance of this relationship has 
been emphasized elsewhere (14) 

methods 

The methods employed are those used in a series of investigations 
published by the writers during the past several years. 

Tissues were collected in heavy- walled glass tubes and were thoroughly 
frozen in an ice-salt mixture for at least 10 hours (6) in order to render 
the tissues permeable as has been showm to be necessary by Dixon and 
Atkins (5) and by Gortner, Lawrence, and Harris (7). Sap was then 
extracted by pressure in a heavily tinned steel press bowl and was cen- 
trifuged before the determination of the constants. Freezing point 
lowering, A, was determined by means of a thermometer graduated to 
hundredths of degrees.^ . U . 

Correction for the concentration caused by undercooling was made 
by the usual formula. The results are expressed in degrees of freezing 
point lowering, A, and in atmospheres pressure, P, as calculated from a 
well known formula (9), and tabled up to A — 5.99^ (10). 

Specific electrical conductivity was determined at 30° in a Freas 
conductivity cell standardized against N/io KCl taken as having a 
specific electrical conductivity at 30^ of 0.01412 mho. 

^ The possible bearmg of such investigations on agriculture has been definitely in mind from the earliest 
stage of the -work. A favorable opportunity for initiating studies of the properties of the tissue fluids in 
.relation to agricultural problems presented itself in 1919 when Dr. T. H. Kearney, Physiologist* iu' charge of 
, Alkali and Drought Resistant Plant Investigations* and Mr.-G. N. Collins, Botanist, in charge of Biophy- 
sical Investigations, of the Bureau of Plant Industry, United States Department of Agriculture, suggested 
that it would be desirable to ascertain to what extent the physicochemical properties of the tissue 
fluid of the plants differ from association to association in response to the differences in soil conditions. 

As a result of this suggestion, work was undertaken in Tooele Valley in May, 1920. Orantsville was 
selected as. a base because of the ready, accessibility of .all of the associations. The following pag.es give 
the r^u!.ts of determinations carried 'out in this region in May, .June, and July. ' While a certain.' number 
of supplementary ob.servatiGns were .made in the..Stansbury.' Mountains, in Rush Valley and in the 'Sevier 
Desert to the south, the results presented here are mainly restricted to the plant associations treated by 
X«mey, Briggs, Shantz. McDa'ne, and' Piemdsel. ■ . 

Since, .our .primary object in this investigation was to 'reinvestigate from an. enti.rely new side the prob- 
lem considered by our predecessors' in the' field, we have made every effort to follow as. exactly,' as ■, possible'. 
. the classification ' of vegetation adopted by them. .''The present ' paper is therefore Incomplete except as .it 
is considered in connection with the survey .already cited. ■ -Bor. this reason a detailed description'of h'abi- 
tats and of the general features of the .vegetation is superfluous. 

. It is a .pleMure'to aclamwledge ouj' great. obligation to'Ivar Tidestioxa..'Ol .the Office of Economic and 
Systematic Botany. Bur^u of, .Plant Industry, United 'States Department of Agriculture,, for .his pains- 
taking work in the identification of our herbarium,, materials. 

^ In the of some of the more ooncentrate^ saps a 'thermometer 'of -f ,i to — 10 degrees range graduated 

ni oae-fiftleth degrte was of nece^ity' used 'instead of the one graduated in one-hundredth . degree units. 
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At the time the field work was done the writers were not acquainted with 
Mason’s (26) attempt to correct conductivities for the viscosity of the 
solution by determining the increase in conductivity due to the addition 
of a given amount of KCl to the tissue fluids. „ The . conductivities as 
given here are, therefore, the raw values, wholly uncorrected for the 
viscosity of the sap. It is perhaps obvious that it would have been 
impossible in dealing with plants with such a high chlorid content as 
those of the Great Salt Lake region to utilize KCl in determining the 
influence of viscosity on the conductivity, but it may be unfortunate 
that some other salt could not have been employed for this purpose. 

Some measure of the relative importance of salts and organic solutes 
in determining the osmotic concentration is highly desirable. We have 
used for the purpose the ratio of specific electrical conductivity, K, 
to freezing point lowering, A. 

Chlorid content was determined on samples of sap pipetted in the 
field and preserved in sealed tubes for subsequent analysis. The analyti- 
cal ^method employed is described elsewhere (25). The results are 
expressed in terms of grams of chlorids Cl per liter of tissue fluid. 

PRESENTATION OP DATA 

In the presentation and analysis of the measurements we have fol- 
lowed as closely as possible the classification of plant associations rec- 
ognized by Kearney and his coworkers (24) . Since growth forms have 
been shown to be differentiated in their sap' properties by our earlier 
studies on the vegetation of the Arizona deserts (12) and by more recent 
investigations in humid (17) and mesophytic (20) habitats, it is essential 
that the species of each habitat be classified according to growth form. 
Since the herbaceous species are chiefly evanescent, it would be improper 
to include them with the ligneous species in obtaining a general average 
for the association unless it be shown that the concentrations of the 
tissue fluids of the ligneous species remain the same throughout the 
season. 

Because of the concentration of the soil solution due to drying, and 
due also, perhaps, to some extent to the accumulation near the surface 
of salts brought up from lower levels, it seems altogether unlikely that 
concentration of the tissue fluids of the more permanent species of the 
halophyiic vegetation will remain the same throughout the season. 
Such a result is quite contrary to the findings of Cavara (i) who in- 
vestigated the changes in a number of halophytes with the march of the 
season. It is therefore necessary in the analysis of the date to arrange 
the determinations chronologically. It is impossible in one year’s work 
to obtain satisfactory data sufl&cient in quantity to show the seasonal 
change in each of the habitats for even the more important species. 
The results of the'p^^^sent series must serve as merely a rough ' indication 
of seasonaTchange. ' 

An earlier discussion of the plant associations of this region (24) 
emphasized the sharpness of demarcation which characterizes 
distribution. In our discussion of the constants it may appear that there 
have been considerable difficulties in deciding to which association some of 
the:samples:should :be assigned.; ' This isdargely .due to the fact that from 
many aides the narrow transition zones, or those which afford a complex 
of physical conditions, are biologically' the most interesting. Such con- 
ditions are found, for example, in .the, washes', through' Qie sagebrush 
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and the shadscale associations, in the localities where springs occur along 
the margins of the salt fiats, and 'in the small islands of Kochia in the 
sagebrush association. Such localities give the opportunity of investi- 
gating in close association pairs of species which are normally different 
in their distribution. It has been necessary to explain certain of these 
cases, and this has laid wholly undue emphasis on the indefinite nature 
of the transitions, which in general are quite as sharp and definite as, 
our predecessors' have indicated. ‘ 

, Another factor tending to produce an apparent difference in the results 
of the two studiesnf the region lies in the fact that in seeking for materials 
for physiological determinations the writers availed themselves of tissues 
of a single plant, or of but a few individuals of the rarer species. These 
would be practically left out of account by the descriptive ecologist in 
mapping the vegetation. Thus from the descriptions and species lists 
of the writers it might appear that Kearney and his associates over- 
emphasized the small number of the dominant species. This Is not at 
all the case. ' % 

STANSBURY MOUNTAINS AT HIGHER ATTITUDES 

The highest zone of Tooele Valley which is of agricultural (distin- 
guished from grazing and water conservation) interest is that formed 
by the great alluvial cones or fans (outwash slopes). These are, or 
have in all probability been in times past, largely covered by the sage- 
brush association. 

While Kearney and his party carried their observations no higher 
than the sagebrush association of these broad slopes which border the 
steeper foothills, it has seemed desirable in a consideration of the tissue 
fluids of the plants of the region, to include a few determinations made 
at higher altitudes in the Stansbury Mountains. These may serve as a 
basis of comparison with those taken in the desert valley . 

The species mentioned give some idea of the associations to which the 
plants belong. A detailed discussion of the habitats is omitted, since 
we understand that Dr. G. F. Korstian, who has given much attention 
to the Wasatch Mountains, will treat the problem of the tissue fluids of 
the plant associations of these mountains in considerable detail. 

The constants for the species of this association appear in Table I. 

Tabi^E I . — Pkysicachefnical cofutants for species of the Stansbury Mountains at higher' 

altitudes 


OtowIK form and specks. 

Date. 

freezing 

point 

depres- 

sion, 

A. 

Atmo- 

spheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion,' 
K/A. 

Chlo-' 
rids 
,per 
' liter, 
Cl. , 

, ' ■ : ' . ' ■ ■ '■ " ' ■ 1 

TREES ,, , , j 







'Pinm fiexilis James. 

1920. 

My 23 

1.44 


0.0086 

0.0059 

0.4 

Pseudotsuga mucronata (Raf.)Stidw.i 

June 21 

1.85 

" '22.3 

1 ' ■ 

.0087 

.0047 

",:,;'' 0.7 


July 23 

I - SO 

18.0 

,' ooSi ^ i 

• 0 O$ 4 :\ 


" Average..'. 


1.68 

■■ 20. 2'' j 

.0084 

,.0050 : 

./0.7' 

Tidest,. ... . 

Jtme 2X 


'I8.5 ' 

■■ ,0137'' 

.0089 

"V 0.3, 


Jtily 23 

1.83: 

21.8 

'.booo',. 

,-,0053 ■ 

: ■ 0.2 



" ■1.68; 

20.2, 

" .0118',' 

'.00^2 

0.3 
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Tabl^ I . — -Physicochemical constants for species of the Stanshiiry Mountains at higher 

altitudes — Continued 


Growth form, and species. 

Date, 

Freezing 

point 

depres- 

sion, 

A. 

Atmo- 

spheres 

osmotic 

concen- 

tration, 

P. 

specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
K/A. 

Chlo- 

rids 

per 

liter. 

Cl. 

TRSBS — continued 








Acer glahrmn Torr 

192c 

July 

23 

I.OO 

12.0 

0.0125 

O.OII3 

0-8 


. . . do. 


0.90 

10.8 

•0133 

.0148 

0.6 

Average' 


... 

0-95 

II. 4 

.0129 

.0130 

0.7 

Prumis melanocarpa (A. Nels.) 








Rydb 

June 

21 

1-54 

1S.5 

-0122 

. 0080 

0.3 

Salix scouleriana Barr ... 

July 

23 

T . 18 

14.2 




SHRUBS AND HAUF SHRUBS 





Artemisia irideniaia Nutt 

July 

23 

1.62 

^ 9*5 

.0164 

.0101 

2.2 

Cercocarpm ledifolius Nutt . 

June 

21 

1.44 

17-3 

.0067 

.0047 

0.8 


July 

23 

1.89 

22.7 

.0068 

.0036 

0.2 

Average 



1.67 

20.0 

.0068 

.0041 

0.5 

Opulasier malvaceus (Greene) Kim- 







tze... 

June 

21 

I.I9 

14.3 

.0144 

.0121 

0.3 


July 

23 

1.56 

1S.8 

.0122 

. 0078 

0.4 

. Average. i ........ . 



1.38 

16.6 

.0133 

.0100 

0.4 

Packysiima myrsiniies (Pursh) Raf. . 

June 

21 

1.26 

■ 15-2 

.0093 

.0074 

1*3 

Samhuctis microbotrys Rydb. ....... 

. . .do. 


1 . 06 

12.8 

.0247 

.0232 

0.2 


July 

23 

1.09 

: 13.2 

.0184 

.0168 

0.8 

Average 



1.08 

13.0 

.0215 

' .0200 

0.5 

Sorbus scopulina Greene.. .......... 

June 

21 

I- 5 S 

; 1S.6 

.0136 

.0088 

0.2' 

HERBS 




I 

i 



A ih/j].iffriff}>Hn Rx'tIK. ' 

i July 

23 

I v? 

18.^ 





* 00 





Aquilegia iruncaia Fiscb. Sc Mey .... 

[. . .do. 


1.28 

'^ 5*5 ’ 

.0156 

.0122 


Arnica longifolia D. C. Bat 

. . .do. 


: 0.87 

10. 5 

.0213 

.0244 

1.7 

Balsamorrhiza sagitiata (Pursh) Nutt. 

June 

21 

1.27 

15*3 

.0221 

,0174" 

■ X .3 

Casiilleja Unariaefalia Benth. ..... 

July 

23 

1.70 

20.4 

.0189 

,.0111 

1.9 

'. C lay to n ia la nceo lata Pursh 

June 

21 i 

0.59 

7 '^ 

.0147 

.0251 : 

0.2 

Cogs’wellia grayti C. & R.' 

. . .do. 


1.47 

17.6 

. 0203 

. 0138 

3,6 

Cynomaraihrum NuUaUii A. Gray. . 

. . . do. 


1.14 

13-7 

.0184 

.0161 



July 

23 

1.02 

12.3 

,0210 

, 0206 

2.3 

' Average. 



1.08 

13.0 

.0197 

. 0184 

2;'7 

Eriogonum subalpinum Greene 

Jime 

21 

.. 1,21 

14.6 

.0141 

.0116 

1-7 


July 

23 

1.68 

20.2 

.0178 

. 0106 " 

2.3 

Average. 



1*45 

■ 27*4 

, .0160 

.0111 

,■ '2.0' 

Eryihfonium parviflorum (S.,Wats.) 



1 



Goodd . ' ........ 

June 

21 

0.99 

11.9 

.0093 

.0095 

0.5 


. . .do. 


0.96 

' 'A't -5 

.0099 

.0J04 

0.5 

Average.. . V,'..', . .... , .' 



■: , 0.98' 

.7, 

.0096 

.0099 

0.5 

F ras^a sp . . ■ ' ... 

Tune 

■ 2 1 

0.76 

',"'''9. 1 

.0071 

.0094 


Fmsera speciosa Dougl.. 

July 

23 

■ ' 3,00 

, ,12,. 0 

.0100 

.0100 

1.4 
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Tablb I . — Physicochemical constants for species of the Stanshiiry Mountams at higher 

altitudes — Continued 


Growth form and species. 

Date. 

Breezing 

point 

depres- 

sion, 

A. 

Atmo- 

spheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
K/A 

Chlo- 

rids 

per 

liter, 

Cl. 

HEJRBS — continued 








Ceranhim richardsonii Flsch. & 

IQ 20 . 






Trautv ' 

My 

23 

0.7S 

9.4 

0.0127 

0.0163 

.1. 1 

Hetichera flavescens Rydb 

June 

21 

0.87 

10, 5 

.0119 

.0137 

0.7 

Hydrophylkmi watsoni (A. Gray) 








Rydb ' 

. . . do. 


0.68 

8.2 

.OIO”^ 

. 028? 

0. 2 

Lathyrus utahensis Jones. .......... 

. . .do. 


0-95 

II. 5 

.0174 

.0183 

1.6 

Lepiotaenia multifida Nutt 

. , .do. 



15.8 

.0175 

•0133 

1. 1 


. . .do. 


1-35 

16,2 

.0238 

.0176 

1. 1 

Average — 



1*33 

16.0 

.0206 

.0155 

1. 1 

Ligusticum filicinum S. Wats ...... 

July 

23 

1.28 

15*5 

.0236 

.0184 


MerUnsia f oliosa A. Nels 

June 

21 

0-95 

II. 4 

.0225 

.0238 

3-3 

Mimulus lewisii Pursli 

July 

23 

0*75 

9.0 

.0134 

.0179 

1. 1 

Miiella siawropetala Piper 

June 

21 

0*93 

II. 2 

.0169 

.0181 

0.3 

Penstefnon procerus Dougl, ........ 

. . .do. 


1 . 10 

13.3 

.0128 1 

.0117 

0. 1 

Rudbeckia occidentalis Nutt 

July 

23 

0.90 

10. 0 

.0152 ^ 

.0169 

1.4 

Semcio eremopkillus Richards. . . . . . 

. , . do. 


0.74 

8.9 

.0193 ^ 

,0263 

2.3 

Solidago pumila Nutt 

. . .do. 


1.46 

17.6 

.0221 

. 0151 

2,6 

Stellaria jamesiana Torr 

June 

21 

1. 13 

13.6 

.0230 

. 0204 

1.7 

Thalictmm sp 

July 

23 

1.67 

20. 1 

.0209 

.0125 

1 .8 

Veratfum spedosum Rydb . ■ 

. . . do. 


1.02; 

12.6 

.0172 

. 0164 

0. X 

Wyethia amplexicaulis Nutt ...... 

July 

‘28* 

1. 19 

14.3 

•0193 

.0163 

2.8 


Some of the differences between two or more determinations on the 
same species may be due to differences in the age of the leaves. In 
some instances the snow had but recently disappeared from the ground, 
and the leaves w^ere much younger in the earlier than in the later of the 
two collections. This is true of the determinations on Populus and 
Opulaster. Some of the determinations axe based on plants from stream 
banks, while others were obtained from the drier slopes. For present 
purposes it is not worth while to go into the details of local distribution 
of the montane vegetation, which is included merely as a basis of rough 
comparison with the desert habitats. 

Discussion of the results for the individual habitats will be reserved 
until they can be compared with others. This will be given in part in 
connection with the data of the following plant associations, and in part 
in a general summary. * , 

SAGlSBRUSH ASSOCIATION 

^ In Tooele Valley the sagebrush association, which is one of: the most 
important types of vegetation in the Great Basin region, ■ occurs chiefly 
on^the bench lands or upper outwash slopes which s&t the; mountains. 
It is thC' characteristic plant covering of the alluvial fans which repre- 
sent the enoimous accumulations of detritus swept out from the'mouths 
of the - canyons. ' ■ " From; the agricultural ' standpoint, , the , sagebrush ' asso- 
ciation; is of ;gr;eatin^ this land that ^ the' dry-farm^ 

cultivation of the small grains is chiefly conducted. 

The lower'; liimts; of; the association are: rather sharphi... de- 
fined, and are marked by the upper 'limits of tlie' shadscale association, 
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of tte Kochia association, ■ of the greasewood-shadscale associatioii, or 
even, in places, of the. salt flats. 

The tipper limit of the association' is far less definite, since sagebrush 
extends to considerable elevations and is an important element in the 
vegetation of the mountains. For. the purpose of the present paper, we 
have taken the upper limit of the sagebrush association to be equivalent 
to the elevation at which cedars become an important element in the, 
vegetation. 

In order to obtain a basis of comparison for the vegetation of the drier 
or more saline habitats, we have found it desirable to make a few deter- 
minations on species growing in the mouths of the canyons. We have, 
therefore, divided the sagebrush association into two parts for con- 
venience of treatment— the sagebrush association of the alluvial fans 
and the sagebrush association of the foothills canyons. 

Since the washes which are not occupied by permanent streams diver- 
sify the topography and soil conditions and afford moisture in greater 
quantities and for longer periods than do the relatively uniform and 
undiversified slopes of the alluvial fans, it has seemed desirable to divide 
the sagebrush association of the alluvial fans into two sections, one of 
which treats of the typical sagebrush association while the other deals 
with the vegetation of the generally dry watercourse or washes through 
the sagebrush association. 

On a priori grounds, one might expect that the osmotic concentration 
of the plants of the typical sagebrush association would be somewhat 
greater than that of those bordering the washes or of the stream beds, 
which are generally dry during the summer season, at the mouths of the 
canyons. 

Our predecessors {24) conclude that in Tooele Valley the soil condi- 
tions for a good stand and development of sagebrush are, (a) a rather 
coarse-textured soil readily permeable to water, with a small run-off and 
good underdrainage, (6) a depth of soil of at least 3 feet in which water 
can be stored and into which roots can penetrate, and (c) at least 3 feet 
of soil in which the salt content is very low. 

These conditions are best met on the upper outvrash slopes and on the 
sand hills. Poorly developed plants of sagebrush may occur in other 
localities, as in the Kochia association, and even in the greasewood-shad- 
scale association, but in such localities the development is highly abnormal, 
and the tissue fluids may be characterized by very high concentrations. 

The determinations on the herbaceous species of the sagebrush asso- 
ciation were of necessity made chiefly during the early part of the season, 
since they are practically all of the ephemeral type. Most of these 
species develop with great rapidity in the early part of the season when 
the soil moisture has not yet been exhausted from the upper foot or two 
of soil. By early summer they have fruited and died down to the ground. 
They are, therefore, “drought evading** rather than “drought resistiiig** 
{2 s ) , corresponding in this ' regard ■ to the winter annuals' ' of, the^ ' juizO'iia. 
deserts. 

■ ■ ■ THB SAGEBRUSH 'ASSOCIATION nr THE rOOTmLrS.CAKVONS' 

This division, has been included largely .as a means' of securing a' baais 
' of comparison with, the drier or more''saHne areas of the broad valley. 
It is perhaps misnamed, since 'the ' 'planets considered are practically 
entirely t^en from the banks of^ the - watercourses where sagebrush is not 
the'^dominant' element in, the .vegetation.^', 'Sagebrush is, however, the 
chief ligneous plant on the slopes of' the''Ganyon""Walls. ' . . 
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This division of the sagebrash association has been given first place in 
the series, since it is the highest in altitude of the three divisions and most 
closely related in respect to both physical conditions and vegetation to 
the preceding associations, grouped under the general term of “Stansbury 
Mountains at higher altitudes.” 

The following determinations (Table II) were based on collections 
made along the lower course of Box Elder Creek.® 


Table II . — Physicochemical comtanis for species of the sagebrush association of the 

foothills canyons 


Growth form and species. 

Date. 

Breezing 

point 

depres- 

sion, 

A. 

Atmo- 

spheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
K/A, 

Chlo- 
rids 
? per 
liter, 

Cl. 

TREES AND SHRUBS 







Acer inter ius Britton 

July 1 6 

1.20 

14.4 

0.0147 

0.0123 

0.8 

Ribes inebrians Lindl 

. . .do. .... 

1-57 

18.8 

.0156 

.0099 

1.8 

Sambucus coerulea Raf 

. . .do. . . . . 

1*39 

16,7 

.0163 

.0117 

0. T 

Symphoricarpos oreophilus A. Gray. 

July 28 

2.34 

28.1 

.0148 

.0063 

0.8 

PERENNIAL HERBS 







Agastacke uriicifoUa (Benth.) Rydb . 

July i6 

0-95 

II. 5 

.0219 

.0230 

2.1 

Afiemisia dracunculoides Pttrsh 

. . .do 

1.05 

12.6 

.0208 

.0199 

3 .S 

Artemisia ludoviciana Nutt 

. . .do 

1.04 

12.6 

.0205 

.0197 

3-1 

CasUlkja linarieafolia Bentii 

. . .do 

1.86 

22.4 

.0258 

.0138 


Cirsium lameo latum (T.) Hill 

. . . do 

1.08 

I 3-0 

.0259 

.0240 

4.1 

Elymus condensatus Presl. .... 

. . .do 

2.08 

25.0 

■° 3 S 7 

.0172 

'S-i 

Efiogomim datum Dougl 

...do..... 

1.23 

14.8 

.0194 

.0158 

6.9 

Eriogonum subalpinum Greene. .... 

. ..do. .. . , 

1.26 

15 - X 

•0153 

.0122 

2.8 


July 28 

2. 07 

24.8 

.0176 

.0085 

3.8 

Average 


1.67 

20.0 

.0164 

.0103 

3.3 

Geranium viscosissimum Fisch. & 



Mey. ....... ... .......... 

July 16 

1.04 

12.5 

.0170 

.0164 

3-0 

Medysarum pab'ulare A. Nels, 

July 17 

1.21 

14,6 

I .0186 

.0153 

3*7 

Lappula floribunda (Tehm.) Greene 

July 16 

I. II 

^ 3-3 

.0234 

.0230 

3,0 

Lithospermum iorreyi Nutt 

, . do. 

1. 21 

14.5 

.023s 

.0194 : 

4.1 

Marrubium vulgare T 

. . .do, . . . . 

I. II 

13-3 

.0256 

.0232' 

S,2 

Pachylophus 'marginatum (Nutt.) 



■ 'Rydb. . ...... 

, . .do 

0.8^5 

10,0 

! , 0192 


2.7 

Rumex crispus T. . 

, - .do, .... 

0.89 I 

10.7 

.0233 

. 023 I i 
.0263 

2 . 7 

Scfophutaria occidenialis (Rydb.) 



Bicfcn. 

. . .do 

1 .01 

12 . 1 

, 01*7 A 

.0172 


SaUdago pumila '. 

July 28 

T 1 
1.82 

21.9 

.0274 

.0150 

4-9 

Sphaeralcea rivuiaris Torr. ......... 

Tulv 16 

1,4.0 

16.8 

, 02 83 

. 0202 


Vagnera sMlaia (I/.) Morong. ...... . 

. . .do. . , . 

1.23- 

14.8 

.0203 

.0166 

3*3 

' biennial .herbs 







Menizelia acuminata (Rydb.). 

July 16 

1 .01; 

12.7 

.0236 i 

.0224 


Omothem sp ..... . 

. . . do 1 

0.81 

0.7 

.0188 

2 , 7 

■Oenotkera hookeri Torr. & G 

. . .do. . , . . 

0. 72 

S' 

^•7 

,0187 

.0260 

A. . / 

Oemihera strigosa (Rydb.) , Maek. 







& Bu^. ... 

. , .do. . . . . 

0.71 

8 .S 

.0173 

''.0244 

3.2 

ANNUAL HERBS 







Laciuca "scarmla Tv - . . V 

Jiily 16 

0.86 

10.3 

':.0207;" 

' .0241' .. 

'' 2 :6 

Uftica breweri S. Wats... . 

. . .do. . , 

I.'02" 

IZ.2 

V022I' 

.'021S 

'■ 3-4 

Uriica gracilis Ait 

. . do. .. . . 

” ■ 

15.8 

;.02I0 

'I0159 ■■ 

2.2 


IJafortiiaately the sagebnisli, itself wss omitted from 'the, two collectiosiS'inade in this habitat. 
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WASHES THROUGH ThB SAGEBRUSH ASSOCIATION 

The constants for the species of this association, are presented in 
Table III. 


Tabi^B. III. — Physicochemical constants for species of the washes through the sagebrush 

association ^ 


Growth form and species. 

Date. 

■ 

TREES, SHRUBS, AND HALF SHRUBS 

Jurdperus utahensis (Bngelm.) 
Lemmoti 

1920. 
July 14 
July 12 

. . .do 

July 14 

Artemisia trideniatalSiwtt 

A triplex canescens (Pursh) Nutt 

Average. 

Chrysothamnus sp 

July 12 
. , .do. .... 

Bo 

Chrysothamnus lanceolaius Nutt. . 
Rihes aureum Pursh 

. . -do 

. . .do 

Sympkoficarpos oreophilus A. Gray. 
Kockia vesiita S. Wats 

, . .do 

L . do 

•HERBS ' 

Argemone hispida A. Gray. 

Artemisia dracunculoides Pursh. . . . . 
Coleosanthus Unifolius ( 1 >. C. Eat.) 
Kuntze 

a. ab* 

D p 0 

Marrubium vulgar e E 

. . .do. .... 

Mentzelia acuminata (Rydb.) 

Verhascum thapsus E. . - 

. . .do 

. . .do 

Verbena bracieosa Michx. 

. . .do. .... 




Freezing 

point 

depres- 

sion, 

A. 

Atmo- 

spheres 

osmotic 

concen- 

tration, 

P. 

SpecijBc’ 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
K/A. 

Chlo- 

rids 

per. 

liter, 

CL 

2 . 10 

’ 25.3 
31*4 



0.2 

2.62 

0.0243 

0.0093 

4-4 

3-25 

39-0 

.0512 

• 01 S 7 


2.49 

29.9 

■0397 

.0159 

7.4 

2. 87 

34 - S 

.0454 

.0158 

7.4 

1. 51 

18. I 

.0230 

.0153 

2.9 

1. 71 

20.5 

.0223 

.0131 

3 -^ 

1. 61 

19.4 

.0261 

.0162 

4.7 

1. 61 

19-4 

.0169 

.0105 

2.5 

2.07 

24.9 

.0134 

.0065 

0,8 

2.53 : 

30.4 

.0449 

,0179 

3 *S 

1.09 

13 - I 

.0170 

.0156 

05 

1.27 ; 

15-3 : 

.0168 : 

,.0132 

2.2 

1.64 : 

X 9-7 

.O2S3 

.0173 : 

4.7 

1.72 

20.7 

.0277 

.0160 

4-4 

I - 29 

15-5 

.0204 

.0158 

1.7 

1.2b 

14.4 


‘O159 

2.5 

1.30 

15-6 

. 0202 * 

.0156 

3 ^ 3 ' 


THE SAGEBRUSH ASSOCIATION OF THE ABEUVIAL FANS 

The constants for the species of this association appear in Table IV. 


Tabi^E IV . — Physicochemical constants for species of the sagebrush association of ike 

alluvial fans 


' Growth form' and species.. 

■ Date. 

Freezing 
I>oint 
depres- 
1 sion, 
i A. 

Atmo- 

spheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
; depres- 
1 sion, 
K./A, 

Chlo- ' 
rids 
i per ' 
liter, 
CL ■ 

SHRUBS AND HALF . SHRUBS 

Juniperus ■ utahensis (Bngelm.) 
Eenmion . . . ; 

1920. 
June 7 

.1-74 i 

20.9 

0.0097 

0.0056 

0.6 

Afiemisia trideniaia Nutt 

June 5 
June 7 

I.3S ' 
r.56 

.■ tO .6 
,18.8' 

,0208 ■■ 
''.0x90 

.0151 

.0x22 

'''2.x 


June 9 

1-45 

17-4 

,oi9'9'i 

.0138 '1 

'■2.2 


June 15 

1.69 

20.3 

,0222 

..0131 ; 

., 2.9 


July 16 

2.50 

30-0 

,0210 

.0084 

, ' 

Average . . 


1.72 

20.6 

, 0206 

.0125 

2.7 
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Tab^ IV Physicochemical constants for species of the' sagehmsh association of the 

aUuvialfans-r--C^ntimxc::d 


Growth form and species. 

Date. 

Free2iiig 

point 

depres- 

sion, 

A. 

Atmo- 
spheres 
osmotic ® 
concen- 
tration, 
P. 

Specific 

lectrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
K/A. 

Chlo- 

rids, 

per 

liter. 

Cl. 

SHRUBS AND HAUF SHRUB S-COntd. 

Chrysotkamnus sp 

1920, 
June 5 

1.42 

17.0 

D.o2or 

O.OI41 


' Do ' ' 

June 15 

1*35 

16.3 

.0260 

.0192 

3.8 

Bo. 

- - .do 

1-49 

17.9 

. 0236 

.0158 

3*5 

Chrysotkamnus latifolius (D. C. 
Eat.) Rydb 

. . .do. . . . . 

1. 41 

17.0 

.0248 

.0176 

3-9 

Airiplex canescens (Ptirsh) Niitt. .. . 

June 5 

1-86 

22.4 

.0354 

.0190 


June 15 

1.80 

21.7 

.0384 

.0213 

7.7 

Average 


1.83 

22 . 1 

.0369 

.0201 

7-7 

Airiplex confertifolia (Torr.) S. 
Wats 

June 15 
June 5 
June 15 

3.09 

1-55 

1.60 

37'0 

18.6 

19.2 

.0652 

.0212 


Tetradymia miUaUii T. & G 

.0342 

.0308 

.0221 

•0193 

0.7 

Average 

1.58 

18.9 

•032s 

.0207 

0.7 

Ribes inebrians Lindl 

June 7 

1.60 

^ 9-3 

.0214 

.0134 

2.8 

Rhus trilohaia Nutt 

June .15 

1.58 

19.0 

.0138 

.0087 

1.8 

Symphoficarpos oreophilns A.Qtaj. . 

June 9 

1.86 

22.4 

.0116 

.0062 

0.2 

PBRENNIAU HERBS 

Agoseris ptimila (Nutt.) Rydb ' 

June 9 

0.94 

II. 4 

.0226 

.0239 

4.1 


. . .do 1 

0.92 

11. 1 

.0213 

.0232 

2.5 

Average 


0.93 

II . 3 

.0220 

.0236 

3-3 

Agoseris elata (Nutt.) Greene 

June 7 

0.90 

10.9 

.0228 

.0252 

3-3 

Agropyron spicatum (Pursb) S. & S. 

June IS 

1.58 

19.0 

•0333 

.0211 

2.9 

Alltoma linearis Pursh 

. . .do. . , . . 

0.91 

II. 0 

,0228 

.0249 

2.8 

Astragalus, sp . 

. . .do 

1. 21 

14.6 

.0175 

.0145 

2.5 

Astragalus ciharins Sheldon. ■. . . 

June 7 

1-37 

16.5 

.0x66 

.0121 

I.O 


June 9 

1.36 

16.4 

.0193 

.0141 

1. 1 

Average 

1*37 

16.5 

.0179 

.0131 

1. 1 

Astragalus utahensts T. & G 

June 7 

1. 12 

13.4 

.01S3 

.0165 

1.8 

Balsamorrhiza kirsuta Nutt. 

. . . do 

1.09 

13. 1 

.0241 

.0221 

1.6 

Balsamorrhiza sagittata (Pursh) 
Nutt. 

June 9 

1.22 

14.7 

.0258 

.0211 

2.0 

Casiilleja hispida Benth 

June 7 

1.49 

17.9 

.0330 

.0221 

1.4 


June 9 

I-S 5 

18.6 

•0331: 

.0213 

1,4 

Average 


1.52 

18.3 

.0330 

.0217 

■ 1 . 4 ' 

Ckaenactis sievioides H. 8 t A, 

June 7 

I. II 

13-4 

.0232 

.0209 



June 9 

1.07 

12.9 

. 0233 ' 

.0218' 

,' 4'-4 

Average. 


1.09 

13.2 

.0234, 

, .0214' 

■4.4 

Cirsium momexicanum A. Gray.* . , . 

, June 7 

1-15 

13-9 

'■ .0252 

.0219 

",'"' 5-4 

Crepis' gracilis (D, C. Eat.) Rydb. . . 

. . . .do 

1 . 12 


..0260 

■:.o23i 

,■.'"' 4-3 

Erigeron pumilis Nutt . 

. . . . do , , . . . 

■ . .I.32' 


,..0'272 

.0207 

,":' 4-5 

'Eriogonum' ehium Dbugl. . ........ 

. . . .do. . . . , 

. 1. 19 

; , 14.4 

' .0191 

; 'rutio. 

.'2.5 


June 9 

1.18 

■ . 14.2 

, .0179 

.0151 

"'2.3 

Average. . .V.'. . 


, 1.19 

‘ 14.3 

,.0185 

01,56 

2.4 


IjO CO ^ 
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Tabi^E IV . — Physicochemical constants for species of the sagebrush association of the 

alluvial fans — Continued 


Growth form and species. 

Date. 

Ereezing 

point 

depres- 

sion, 

A. 

Atmo- 

spheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc 
tivity to 
depres- 
sion, 
K/A. 

Chlo-' 

rids 

'per 

liter, 

CL 

pErEnniae herbs— continued 








Eriogonum ovalifolimn Nutt. ...... 

1920. 

June 

7 

1.32 

15.8 

0.0164 

0.0125 

2.4 

Hedysarum utahense Rydb 

. , . do. . 


1.22 

I A. 7 

.oic;2 

.OI 2 < 

1.8 


June 

9 

I . 21 

14.5 

-018s 

.0153 

2.2 

Average 



1.22 

14.6 

.0169 

.OI?0 

2 .0 

hap pula florihunda Greene 

June 

7 

0.97 

II . 7 

.0214 

.0220 

1.6 


June 

9 

0*93 

II. 2 

.0200 

.0215 

1-5 

Average 



0-95 

11.5 

.0207 

.0217 

1.6 

Eithospermum torreyi Nutt. ........ 

June 

7 

1. 10 

13-3 

.0217 

.0197 

3-8 

Oreocarya sp 

. . . do . . 


I. O'? 

12.4 

.0206 

.0200 

1. 8 

Phlox longifolia Nutt 

June 

9 

1,24 

14-9 

.0143 

.0116 

0.8 

Phlox stansburyi (Torr.) Heller. . . . 

June 

7 

1. 13 

13.6 

.0131 

.0116 

1-3 

■Senecio hydropkilus Nutt 

... do. . 


0. 86 

10.3 

.0254 

.OIQO 

.0296 

2.6 

Senecio ^nultilobatus T. & G. . ..... 

JllTlP 

6 

0. QA 

II * 

.0201 



June 

9 

1 0-97 

II . 7 

.0152 

•0157 


Average. 



i 0.96 

i ' 

1 1 ... s; : 

.0171 

.0179 







Stenotus acaulis Niitt. ... . . .. 

June 

7 

0.97 


.0177, 

>0X82 

2.0 


. . .do.. 


1. 16 

; 3 : 3 ,. 9 1 

. 0201 

. 0 . 174 ', 

; 2.7.' 

Average. ........ ........... 



1.07 , 

12. ...8 ' 

.01 89 

■; .0178' 

' ',2.4 

Vicia americana Muhl 

June 

9 

1.28 

15.4 i 

. 0182 

.0142 

I.O 

Wyethia amplexicaulis Nutt ' 

. . .do. . 


1.23 

14.7 

.0239 

.0195 i 

3 - 8 ' 

Zygadenus paniculaiiis S. Wats. .... 

. . .do. . 


1.05 

12.7 

.0106 

.0101 'i 

O.I 

ANNUAL HERBS 








Amsinckia tessellaia A. Gray 

June 

5 

0,85 

10.2 

.0209 

. 0246 

1.9 

Argemone hispida A. Gray 

June 

15 

,1.00 

12.0 

.0180 

.oiSi 

0.8 

Argemone rotundata Rvdb 

June 

5 

0-97 

11,7 

.0X50 

•oi'SS 


Cumelina microcarpa Andrz ....... 

June 

7 

0.9s 

. II. 5 

.oiSi 

".0191, . 



June 

9 

0.97 

II.7 

.0147 

.0151 

3*3' 

Average... 



0.96 

11.6 

.0164 

.0171 

3,-3 

Erodimn cicuiarium (bO L’Her. . . . 

June 

9 

1.02 

12.3 

,0201 

.0196 

0,9 

Sophia flip es (A. Gray) Heller. . . . 

. . .do. . 


1.27 

15-3 

.0187 

.0147, 

1 .0 


SAND-HIIvI, MIXED ASSOCIATION 

Sand dimes or sand hills clothed with vegetation constitute 'but an 
insignificant part of the area of Tooele Valley. 

We, have nothing to add to 'the general description of the^ .association 
as given: by oiir' predecessors." . From their rather limited ,:stndieS' of, 
tile physical conditions^ they concluded .that ■the'.,:soiL' iS:,y;Gharacterized'' 
by (a) a low moisture-holding capacity,' as indicated: by the low . moistnre. 

by (6) the presence of available moistime, ' at ' least ' 
'th^*^rlier part of the season,, at a depth . attainable by the .more deeply 
penetrating roots, and ■ by ■ (c) a ,. ve.ry low salt content. ' 
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Tlie location of ' tills association, as we examined it, in the path of the 
winds sweeping over Stockton bar from the southwest, results in the 
early desiccation, of all the herbaceous vegetation. , Only, the few deeper- 
rooted vroody species are available later in the season. Our series of 
determinations is, therefore, limited. 

The available constants for the species of this association are given in 
Table V. 

Tabi^iS V. — Physicochemical constants for species of the sand-hill mixed association 


Growth form and species. 

Bate. 

Breezing 

point 

depres- 

sion» 

A. 

Atmo- 

spheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

condnc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
K/A. 

Chlo- 

rids 

per 

liter. 

Cl. 

TREES AND SHRUBS 








Juniperus uiahensis (Engelm.) 

1920 







Lemmon 

Jtme 

3 

1.85 

22.3 

O.OI18 

0.0063 

1.7 


June 

II 

1.78 

21.4 

.0127 

.0071 

^•3 

Average 



1.82 

21.9 

.0122 

.0067 

1.5 

Aftemesia trideniaia Nutt 

June 

3 

I -59 

19.2 

.0179 

.0112 

2.7 


June 

II 

1. 61 

I 9‘4 

.0221 

.0137 

2.6 

Average 



1.60 

19.3 

.0200 

.0125 

2.7 

Gmyia spinosa (Hook.) Moq 

June 

3 

1.72 

20.7 

.0429 

.0249 

4-5 

ANNUAL HERBS 








Ahronia salsa "Rydbl. 

June 


0.S7 

10.4 

.0210 

.0243 







June 

II 

0.88 i 

10.6 

.0248 

.0282 

1.6 

Average. 



0.88 ; 

10.5 

.0229 

.0262 

1.6 

Balsamorrhna kirsuia Nutt. 

June 

3 

1.09 

13. 1 

.0203 

.0187 

1.4 

Amgra pallida (Dougl.) Britt 

.... do. 


0.85 

10.3 1 

.0145 

,0170 

2.0 


June 

II j 

0*79 ^ 

9-5 ' 

.0163 

.0208 

1.6 

Average 



0.82 

9.9 1 

.0154 

.0189 

1.8 

Castilleja Mspida Benth — 

June 

3 

I*:S2 

18.3 

.0316 

. 0207 

1 

2.7 


June 

II 

1.80 

21.6 

,0342 

.0190 

2.8 

Average 



1.66 

20.0 

.0329 

.0199 

2:8 

Chaenactis sievioides H. & A 

Tune 

2 

0. 94 

II. ^ 

.0223 

. 02^7 


Delphinium sp 

....do. 

0 

1.30 

15.6 

.0271 

,0208 

1.6 

Brioqonum omlifolium Nutt. ...... 

do. 


1. 21 

14.6 

.0163 

.0134 

2.9 


June 

IX 

1.23 

14.8 

.0179 

.0146 


Average... 



1.22 

14-7 

.0171 

.0140 

2.9 

Oreocarya sp,. — 

June 

3 

0.89 

10.7 

,0191 

.0215 

;i .7 

Zygadenus paniculatus S, Wats. . . 

June 

II 

I. II 

,13.4 

.0115 

.0104 

0.2 


KOCHIA ASSOCIATION 

■ ' ,The'' "Kochia". association, composed: almost; exclusively' of" the '''half- 
shrub, Kodiia vesiita, occupies'',' a - narrow , ''belt' , 'extending across 

"the valley between the, lower' limits of' the sagebrush' ',aSsocia&n>«a<nd 
the upper limits of the shadscale assod'ation. ' ■ ' 
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Other ligneous species are in general limited in occurrence, to the 

edges of the washes; although very dwarfed' sagebrush may occur sporadi- 
cally. A few ephemeral aimuals which complete their growth relatively 
early in the season also occur. 

■ Because of the small number of species and the remarkably small 
variability of the type species, the Kochia association is the most uniform 
in appearance of any type of vegetation occurring in the valley. 

Table Y1.— Physicochemical constants for species of the Kochia association 


Growth, form and species. 


SHRUBS AN,D HALF SHRUBS 

Kochia mstita S. Wats ....... 


Average. 


Artemisia tridentata Nutt . 


Average. 


Atrip lex confertifoUa (Torr.) S . Wats 

Chrysoikamnus sp 

Chrysothamnus marianus Rydb 

Tetradymia glabmta A. Gray. 
Teiradymia spinosa H.&A. 


Satcohatus vermictdahis 
Torr.,. ....... 


(Hook.) 


^ Average.. 


HERBS 


Amsinckia tesselaia A. Gray. 
Camelina microcarpa Andrz. 


Cieome sermlaia Ptirsh . 
Average..... 


Eurotia lanata (Ptirsh) .Moq,. . , , , 
Eepidiump^icarpum A. .Nels . ' 

' VaSey. 

Sitmion hysifix (Nutt.,) Smith,... 
Sophia fiUpes (A. Gray) 'Heller. , 


Date. 

Freezing 

point 

depres- 

sion, 

A. 

Atmo- 

spheres 

osmotic 

concen- 

traticn, 

P, 

Specific 

eiectrical 

conduc- 

tivity, 

R. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
K/A. 

Chlo-' 

rids 

per 

liter. 

Cl, 

1920 







June 

9 

I -96 

23.6 

0.0444 

0.0226 

4-4 

June 

15 

2.40 

28.8 

.0527 

.0220 

5.4 

. . .do. . 


2.58 

31.0 

.0589 

,0228 

7-5 

June 

X 7 

2.08 

25.0 

•0454 

.0218 

5-9 

. . .do. 


I- 59 

19. 1 

.0372 

-0235 

2.7 

. . .do. 


I. 61 

19.4 

.0363 

.0225 


July 

II 

4 -oS 

48.5 

•0593 

. 0146 

II. 0 

July 

16 

3*71 

44-5 

•0556 

.0149 

14.8 



2.50 

30.0 

.0487 

.0206 

7.4, 

June 

9 

1.58 

19.0 

.0195 

.0124 

1.9 

June 

rs 

1.90 

. 22.8"" 

.0247 

.0130 

2.9 

. . . do. 

. . . 

2.36 

28.4 

.0232 

.0098 

3*6 

June 

17 

1 . 20 

14.4 

.0198 

.0165 

2.6 

. . .do. 


1.24 

14.9 

. 0203 

.0164 

2*5 

July 

ir 

<.06 

71 . 1 



6.2 

July 

16 

6*11 

72.9 

. 0206 

.0033 

' 5*3 

Juy 

3:7 

■■ 2.73 

32.8 

•0237 

.0086 

3-8 

July 

28 

3‘OS 

36-5 

.0218 

,, '.0071, 

3‘9 



2.90 

34-8 

.0217 

.0109 

3-6 

June 

^5 

1 4-32 

SI-7 

.0813 

. 0188 

26. 8 

Jtme 

17 

; 1. 14 

13-7 

. 0228 

; .0205 

2.5 

Jtme 

IS 

1. 68 

20,2 

.0235 

,0x40 

2.5 

. . - do. 


1.89 

22.7 : 

,0321 

.0169 

8.6. 

June 

17 ■! 

1. 41 

17.0 

•0353 1 

.0250 

' ■ 2.4 

June 

hS 

1.96 

23.6 

.0453 ' 

, .0230 

3*7 

July 

II 

2.44 

29.3 

,0486 

.0199 

8.8 


. . . . 

2.20 

26.5 

. 0469 

.0215 

,6.3 

June 

9 

1. 19 

14.3 

'.0232 

.0195,, 


. . .do. 

. .. . 

1.28 

15.4 

.0284 

.,0222 

5-0 

June 

17 

1 . 06 

I 2 .S 

. .,0176 

.01,66 

; 0.9 

. . .do. 


1. 17 

14. 1 

. 0190 

.0161 

1*3 



1.12 

13 -s 

'.0183 

.0164 

■; I. I 

June 

17 

iv 43 

1 7 ..2' 

: '.,,0270; 

'' .0189'',' 

, 2.3 

June 

9 

1.29 

I 5 -S 

, 0241 

.OIS8 

2.0 

June 

17 

1.48 

17.S 

.0204 

■ .o,'i 36 

3-1 

. . .do. 


1,63 

19 . 6 

.0280 

.0172 ' 

■ ; 3-4 

June 

9 

I-S 5 

1S.6 

.0218 

■ .0141 

2.1 
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The type sp&ies of the association is interesting in that it may occur 
sporadically in any other association. Our predecessors {24) have 
shown that in the typical Kochia association the upper foot of soil 
is usually free from injurious quantities of salts., but that saline sub- 
stances are extremely concentrated in the second, and especially In the 
third foot and at lower levels. Further details are given elsewhere {24). 

Table ¥I may be consulted for- the constants of the species of the 
Kochia association. 

SHADSCiUOn ASSOCIAtlGN 

The permanent vegetation of the shadscale association is, practically 
speaking, limited to the single ligneous Atriplex confertifolia, 

which, as a component of vegetation, is one of the most important 
species of tlie Great Basin. It is abundant on mountains above the 
Bonneville level, and extends below the association of which it is the 
type, to form a prominent element of the greasewood-shadscale associ- 
ation on the lower slopes of the valley and on the ridges which are inter- 
spersed among the salt flats along the southern shore of the Great Salt 
Lake. 

Where the ^adient is so slight that the land appears practically level, 
the shadscale is the only conspicuous ligneous species. The association 
is, however, diversified in places by small washes in which the number 
of •woody species is larger. There are also a few ephemeral and per- 
ennial herbs. 

In the summary of the investigations on the physical environment of 
this association, we note (24) that it is usually characterized by “(i) a 
soil of finer texture, having a higher moisture equivalent than in sage- 
brush land; (2) a deficit in midsummer of moisture available for plant 
growth; (3) a high salt content of the soil below the depth of i or 2 feet; 
and (4) as compared with land occupied by the Kochia association, a 
somewhat lighter and more gravelly texture in the first foot and a much 
more uneven surface — conditions which probably result in better pene- 
tration and, hence, in a larger seasonal total of water available for plant 
growth than on Kochia land.” 

It has seemed desirable to divide our determinations into two series 
which can not, however, be sharply separated — ^the typical shadscale 
association and the washes through lie shadscale association. 


THE TYPICAIv SHADSCALE ASSOCIATION 


The constants for the species of this association appear in Table VII. 
Table YU .' — Physicochemical constants for species of the typical shadscale association 


, Growth form and species. 

Date. 

Ereezing 

point 

depres- 

sion, 

A. 

Atmos- 

pheres 

osmotic 

concen- 

tration, 

B. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
E/A. 

' HALE- SHRUBS 

'Mriplex mnfertifolia (Torr.) Wats. . 

I93Q. 
June 2 

."'.■2.74 

32.9' '' 

0.0586 

O', 02 14 ; 


. . .do... , . 

2.36 

2S.3- 

- 05 . 35 -' 



23 

4.82 

57.6 'i 

.072-7 


.''y'Awerage. ... 

. . .do ... . . 

4-65 

' '' 55.7 

,,-,0700, 

'-.0-150- 


3-64 

I 43*6 

; '.0637: 

.0x85 


Chlo- 

rids 

per 

liter. 

Cl. 


" X0.2 

25. 

17 - 


Q 
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Table VII . — Physicochemical constants for species of the typical shafscale association- 

Continued 


Growth form and species. 


GRASSES 

Bromus ieciorum L. 

Bfomus ieciorum nudus Klett & 


Average 

Sitanion hystrix (Nutt.) Smitb. 


Average.. 

Sitanion jubatum Smith 

HERBS, other, than GRASSES 

A^fisinckia iesselaia A. Gray 

Cheifinia repanda (T.) lyink. 

Lappula occidentalis (S. Wats.) 

Greene 

Sophia filipes (A. Gray) Heller . . . 

Sophia viscosa Rydb. 

Sphaerostigma iortum (Tev.) A. 

Nels 

Sahola pestifer A. Nels . . ; . . ...... 


Date. 

Freezing 

point 

depres- 

sion, 

A. 

Atmos- 

pheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity, to 
depres- 
sion, 
K/A 

1920. 





June 

2 

1.52 

18.3 

0.0221 

0.0145 

Alay 

28 

1.20 

14.4 

.0215 

.0179 

Ljune 

2 

1.05 

12,7 

.0244 

.0232 



1 13 

13.6 

.0230 

.0206 

May 


1.78 

21.4 

.0292 

.0164 

June 

2 

1 1.70 

20.4 

: ,0285 

.01 68 



1.74 

20.9 

1 .0289 

.0166 

May 

28 

1.30 

15.6 

.0261 

.0201 

June 

I 

0.99 

12.0 

.0215 

.0217 

May 


1.28 i 

! 

15-4 

.0283 

.0221 

. . .do. 


I 09 

13. 1 

.0243, 

.0223 

June 

I 

j 1.42 

17-0 

.0190 

.0134 

May 

31 

1.40 

16.8 

. 0242 

.0173 

. . .do. 


1.05 

12.6 

.0207 

.0197 1 

June 

5 

x -43 

17.2 

.0386 

.0270 1 


WASHES THROUGH THE SHADSCATE ASSOCIATION 

Tlie GGHStants for the individual species of the washes through the 
shadscale association appear in Table VIII. 

Table VHI . — Physicochemical constants for species of the washes through the shadscale 

association 


Growth form and species. 


SHRUBS AND HALE SHRUBS 

A riemisia iridentaia Nutt ...... 


Average.. 

Chrysoihamnus sp. 

’Do 

Do' 

Do..,....: 

'Do...;,........... 

Sarcohatus ' vermiculatus (Hook.) 
Ton, 

Average 

Tetradymia glahrafa A. Gray 

Kochia vestiia S. 'Wats 

HERBS, 

axilkifis^msh. 

Marru^^T^^ulgafe D. ' . ; 

NicoMna aiUnuata Torr 

Ruhia ' iinciotum D. ...... 


Date. 

1920. 

May 

31 

June 

I 

May 

28 

. . .do. 

. . . . 

May 

31 

. . . do. , 


July 

23 

May 

31 

June 

I 

June 

I 

June 

2 

June 

I 

May 

31 

July 

23 

May 

28 


Breezing -^tinots- speciSc ELatio, 

point pkeres electrical 
d^res- conduT 

sion, tivity, 

* tration, jr sion, 

P. K/A. 


1*33 

16.0 

0.0205 

0.0154 

T *39 

16. 7 

.0197 

. 0142 

1.36 

16.4 

.0201 

0148 

1.23 

14.8 

.0192 

.0x57 

1. 13 

13.6 

.0193 

, 0171 

i‘ 4 S 

17.4 

.0219 

.0151 

T.15 

13.8 

.0224 

.0195 

1.34 

16.1 

.0222 

. 0166, 

1-73 

20.9 

•0435 

.0251 

1.68 

20.2 

.0423 

.0252 

1.71 

20. 6 

.0429 

.0251 

1.37 

16.5 

'.0282 

.'0205 

I* 57 

18.9 

■.,0371 : 

.0236 

1. 13 

13.6 

.0262 

.0232 

1.23 

14.7 

.0243 

.0198 

1*37 

16,5 

.0208 

^ .0152 

0,89 

10.7 
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gre:asbwood-shadscai<]^ association 

This association j in wMch the two dominant species are the grease- 
woodj Sarcobatus vermiadatuSj and the. shadscale, Atriplex confertifoUa^ 
occupy ridges which diversify the broad mud flats , or salt flats which 
skirt the southern shore of the Great Salt Lake. 

According to the observations of Kearney,; Briggs, 'Shantz, McLane, 
and Peimeisel {24), it occupies all areas where the water table is 
sufficiently high to make moist soil accessible to the deep-rooting grease- 
wood and where at the same time the upper foot or two are sufficiently 
dry to permit the growth of the shadscale. Where the water table is 
too low, as on the higher outwash slopes, this association gives way to 
the shadscale association. Where the water table approaches the 
surface, the greasewood is associated with Allenrolfea instead of with 
shadscale, or else the greasewood is replaced by the more salt-tolerant 
Allenrolfea and Salicornia. 

In typical areas the two dominant species intermingle in approxi- 
mately equal numbers, but on the higher slopes shadscale is the more 
abundant while on the lower fringes of the association the greasewood 
is more abundant. In the lowest zone both the greasewood and the 
shadscale are apt to be dwarfed. 

In classifying our determinations it has been difficult, to decide in a 
few instances whether individual collections should be referred to this 
association or to the salt flat communities. 


TABrS iX .-~ constants for species of the greasewood-shadscale association 


Growth form and si5|cies. 

Date. 

Freezing 

point 

depres- 

sion, 

. A. 

Atmos- 

pheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

K, 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
K/A. 

Chlo- 

rids 

per 

liter, 

Cl. 

, SHRUBS AND HAtr SHRUBS 








Sarcohatm vermicuhius (Hook.) 

1020, 






Torr.'. . ......................... 

May 

29 

2.30 

27.6 

0.0589 

0.0256 



. ..do. 

1.89 

22.7 

.0421 

.0222 



June 

8 

2.12 

25-5 

,0482 

.0227 

6.0 


June 

12 

2.21 

26.5 

.0508 

.0230 

7.5, 


- - .do. 


2.94 

35*3 

. 0648 

.0220 

H.-S, 


June 

18 

2.34 ^ 

28.1 

.0507 

.0216 

7.0 


. . .do. 

. . . . 

2.50 

29.9 

.051S 

.0208 

8.8 


July 

II 

3-32 

39 -S 

.0626 

.O18S 

12.3,' 


July 

16 

2.32 

27,9 i 

.0502 

. 0216 

4 .S 

A,verage ' ..... 



2.44 

29.3 

•0533 

.0220 

8.7 

A triplex ' confertifolia (Torr.) S. 








Wats.....: 

May 

29 

2 . 60 

^1-2 

.oc8q 

.6228 



June 

12 

3.22 

38 -6 

.0711 

.0220 

30.2 


June 

18 

3.29 

38.0 

. 0636 

,0193 

j 3:9.3 


. . .do. 


3.21 

38.5 

.0672^^ 

. 02 'O 9 , ' 

'21-2 


July 

16 

6.22 

74-2 

.0970 

-0156 

39 ‘S 


July 

18 

VlO.OO' 

118.5 

•1235 

,0123 

..64.'.'0 



27 


153 -1 

. 1292 

. 0099 

<54.4 

, Average.". 



: S ‘93 

7°-3 

. 0872 « 


39-8 
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Table IX. — Physicochemical constants for species of the greasewood-shadscale 

association — Continued 


Growth form and species. 

Date. 

Breezing 

t>oiiit 

depres- 

sion, 

A. 

Atmos- 

pheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

, K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
R/A. 

SHBUBS AND HALF SHEUBS — COB. 








1920. 





Airiplex nuttallU S. Wats 

May 

29 

3-17 

38.0 

0,0727 

0.0229 


. . .do. 


2.98 

3 S -8 

.0612 

.0205 


^June 

8 

3-46 

41*5 

.0725 

.0209 


June 

18 

3-39 

40.6 

.0610 

.0180 


July 

27 

14.40 

1159 -3 

. 1249 

.0086 

Average 



5-48 

65.0 

.0785 

.0182 

Kochia vestita S. Wats 

June 

iS 

2.48 

29.7 

.0511 

. 0206 


July 

II 

3-35 

40.2 

.0604 

.0180 


July 

18 

3.84 

46.0 

.0582 

.0151 


July 

27 

3-93 

47*0 

.0662 

.016S 

Average. 



3.40 

40.7 

■0590 

.0176 

Allenrolfea occidentalis (S. Wats.) 







Kuntze 

May 

29 

1.87 

22.5 

.0468 

.0250 


June 

12 

3-69 

44 *^ 

•069s 

.0188 


June 

18 

3*32 

39-8 

.0658 

.0198 


. . .do. 


3*31 

39-7 

,0648 

.0196 


July 

II 

S-W 

61.8 

.0700 

• 0^35 


July 

16 

3*95 

47*3 

.0663 

.0167 

Average.. 



3-55 

42.6 

.0639 

. 0189 

Dondia^torreyana' (S. Wats.) Stand- 



ley.. — 

JuneYis 

3.68 

44,1 

.*0729 

.0198 


JuneliS 

2.78 

1 33*4 ; 

.0581 

.0208 


. . .do. 

. , . . 

2.79 

! 33-5 

.0606 

.0217 


. , .do. 


2.55 

30.0 

*0573 i 

-0225 


July 

16 

3. IX 

37 -.4 

*0575 ’ 

.0184 

■ ' ■ ■ i 

July 

18 

3*25 

s'S-b 

.0605 

.0186 

1 

July 

27 

3*^5 

1 .46.1 

.0619 

.0160 

Average : 



3-14 

37-7 

.0612 i 

.0197 

Afiem.isifi £rid^'f 7 J.nf./T^Ts[iitf 



I 24 ^ 

TA Q 


.0152 


June 

18 

i':s6 

18.7 

,0191 

.0211 

.0135 

Average. .^ 



1 .40 

16,8 

.0201 

.0144 

Artemisia spinescens D. G. Uat. .... . 

May 

29 

1.26 

15,2 

.0228 

.0180 

Teiradymia glabrafa A. Gray i 

"June 

18 

3 C .93 

23.2 

^0354 ' 

.0183 

Tetradymia nuitallii T. & G. ' 

^ay 

28 

1.62 

19.5 

.0308 

. 0190 

Teiradymia spinosa H. 8c A 

May 

29 

1.49 

18.0 

, 0290 

,0194 

Ckrysotkamnus sp ' 

. . .do. 


1.46 

17 -5 

.0209 

.0143 

'"Chrysotkamnns nauseosw (Pursh) 



Britton ' 

July 

14 

1.66 

20.0 

.0261 

.0157 

PieRHNNIAL. HERBS 







Oreocarya sp 

May 

29 

0 

00 

00 

10.6 

■ .0178 

'.0203;' 

ANNUAL HERBS 







Cheirmia -sp ■ ■ . . 

May 

29 

■1.02, 

1:2.2 

.0X9.4' 

.0.191 

Do 

■ May 

28 

0.94 

II . 3 

.0161 

.0172 

. Cheirmia asperrima (Greene) Rydb. 

May 

29 

0,92 

II.. I. 

.0164 

,.o'i 77 

Lepidium scopulorum M. E). Jones: , 

. , .do. 


. ^ I.15 

'■13.9'. 

.0257 

.0223 

Thelypodium elegans Jones, 

. . .do. 


0.89 

10.8 



Tkely-podi^im^acropetalum Rydb. . 

. . . do . 

— 

0.88 

10.6 

'.,0211 

.0241 

i 


Chio- 

rids 

per 

liter, 

Ci. 


27.6 

22.6 
93- X 

47.8 

6.4 
4*4 

5 .4 

14.4 

8.4 


23-5 

17.4 

iS -4 

16.5 

14.9 
27-5 

22 '. O 

II. s 
13.0 

10.9 
■ 12.3 

12.8 

13.6 
i 3'-7 


2.6 

2.6 


9‘5 


1.7 


85007—24—2 
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Few species are found in addition to the two type species, SarcobatuS' 
and Airiplex con ferii folia, and the half shrubs, Atriplex nuMallii, 
Kochia msiita, Dondia torreyana and in the transition zones Allenrolfea, 
Other shrubs are extremely rare, and those included here are given 
because of the interest whici attaches to determinations based on species 
which are out of their natural range. 

Herbaceous species are practically limited to annuals which complete 
their growth early in the season. 

Table IX contains the constants for the individual species of the 
greasewood“Shadscale association. 

GRASS-FLAT COMMUmnnS 

The grass flats, which occupy the lowest areas* of the region under con- 
sideration with the possible exception of the salt flats, are abundantly 
supplied witli moisture. This is in part supplied by springs and seepage, 
which vary greatly in salinity. The investigations of our predecessors 
in this field indicate that '‘the soils are characterized by (i) a high mois- 
ture-holding capacity, ascribable partly to the fine texture and partly to 
the large quantity of organic matter present, (2) the presence near the 
surface and usually throughout the summer of moisture available for 
growth (above the wilting coefficient), and (3) a salt content sufficiently 
high to be injurious to many crop plants. 

The great diversity in conditions may be illustrated by determinations 
on the spring water in two different localities. Determinations on the 
water from the springs at the northern end of the Stansbury Mountains, 
and from the drainage channels from these springs, are given below (p. 913)'^ 
These may be compared with one sample taken from a small slough in 
the lower part of the valley between Grantsville and Garfield which gave, 
on July 27, A = 0.07, 0.84, K==. 0017, KA = . 025 1, Cl — 0.3. 

Kearney and his associates point out (24) that while the vegetation 
of the grass flats is for the most part distinctly halophytic, there are 
limited areas around springs where the vegetation resembles that of the 
ordinary nonsaline meadow. The vegetation shows considerable diver- 
sity, and several subdivisions may ultimately be recognized. A precise 
classification of the vegetation must, therefore, await further investiga- 
tion. The transition between the grass-fiat communities and the grease- 
wood-shadscale association and the salt-flat communities is not sharp. 

Our series of determinations for the grass-fiat species is inadequate. 
This is in part due to the fact that the grass land near Grantsville has 
been intensively grazed and mowed, and in part to the fact that it is 
extremely difficult to obtain samples of some of the grasses. The leaves 
of .'D-istichlis spicata are often covered with salt, and to remove this with- 
out influencing the concentration of the leaf-tissue fluids is very difficult. 

The determinations given must, therefore, be considered as prelim- 
inary, notes on some of the species rather than as . an adequate treatment 
of the vegetation. Unless otherwise stated, the determinations are based 
on collections near the southern shores of the Great Salt Lake. 

Table' X gives the constants for species other than the grasses.' , Be- 
cause of the difficulty of working with the latter, it has been necessary 
to include deteiminations made in' places: other than 'Tooele"' Valley,:",> 
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Table X . — Physicochemical constants for species other than grasses in ike grass-flat 

communities 


Growth form and species. 

Date.' 

Freezing 

point 

depres- 

sion, 

A, 

Atmo- 

spheres 

osmotic 

concen- 

tration, 

F. 

Specific 

electrical 

conduc- 

tivity, 

K, 

Ratio, 
conduc- 
tivity tO' 
depres-' 
sion, 

' K/A. 

Chlo- 

,rids 

per 

liter, 

CL 

SHRUBS AND HALF SHRUBS 








Sarccbaius vermicuiatiis ' (Hook.) 

1920 







Torr ' 

Time 

18 

2.10 

25.2 

0.0409, 

o'. 0238 

7*7 

A trip lex nutlallii S- Wats. 

. . . do . 


3-09 

37*1 


.0190 

1 7 . 1 

Ailenrolfea occidenialis (S. Wats.) 




Kmitze . 

. . .do. 


3 - 13 :. 

37'2 

.0617 

.0198 

17.5 


July 

27 

. 3 - 1 ° 

44*4 

.0700 

.01 86 

21.8 


. - .do. 


3-43 

41. 1 

.0675 

.0197 

25.0 


...do. 


3*41 

40.9 

. 0672 

.0197 



. . .do. 


3-56 

42 .6 

.0690 

.0194 

19. 1 


. . .do. 


3.21 

38.S 

.0652 

.0203 

14.6 

Average .... 



3*40 

40.8 

.0667 

.0196 

19.6 

HERBS, 'OTHER THAN GRASSES 








SaUcorma rubra A. Nels 

July 

27 

3-24 

38.9 1 

: *^>615 

.0190 

27.3 

A triplex rosea H 

June 

iS 

2.02 

24.3 

.0416 

,0206 

9'5 


July 

I 

3-24 

1 3^-9 ^ 

.0601 

.0185 

22. 1 

Average. 



2.63 

31.6 

.0509 

.0195 

15.8 

Grindelia squarrosa (Pursli) Dunal. 

July 

27 

1.47 

17.6 

.0324 

.0220 

' 5.0 

MARSH HERBS 






1 '■ ' \ 

1 ■ 


Ekocharis sp.' ' 

. . .do. 


1.07 : 

12''. 9 

.0251 

'.0235' 

',,5.1 

J uncus balticus W'illd ............. 

. . .do. 


I. ^6 

J. . 

16.4 

. 0290 

. 02 1 ■? ' 

' '7.1 

Seif pm olneyi A. Gray 

June 

12 

1.50 

18.0 

.0367 

\ 

1 .0244 

8.8 


Julv 

II 

1*34 

16.1 

.0322 

1 . 0240 ■ 

7'5 


July 

27 

1. 16 

14.0 

.0316 

1 .0273 

4.7 

Average 



1*33 

16.0 

■0335 

.0252 

7. O', 

Triglochin maritima T. 

June 

12 

2.64 

31.6 

•0535 

: .0203 

2 I.;I 


June 

18 

2.64 

31.6 

: .0528 

. 0200 

19.7 

■ Average.. 



2.64 

31.6 

.0532 

,0202 

20.4 


'Table XI , — Physicochemical constants for the grasses in the gmss-flat communities 


N^ame. 

Date. 

Sporoholus aif aides Tort 

1920, 
July 27 
June 28 
July 17 

July s 

. . .do. . . . . 

Distichlis spicata (T.) Greene ...... 

HiiariaJa^&^{ToTT.) Benth 

-jeE — ^ ^ ^ 

1921 

June 20, 
June .29 
. ..do, 


Depres- 
sion of 
freezing 
point, 

A, 

Atmos- 
pheres 
osmotic 
concen- 
tration, 
P. . ■ 

■ Specific 
‘electrical 
condtic- 
tiHty, 
K. ' 

Ratio,', 
condne-' 
tivity to 
depres- 
sion, 

: K/A, ' 

;Chlor- 
idsper 
; liter, 

: 'Cl. 

CO 

33-9 

0.0441 

0.0156 

'15.2 

1.90 

22.8 

•0338 

,0178' 

7-0 

. 2.45 
2.88 

29,4, 

■, 34 * 5 "'' 

.0396 

.0162 1 

11.9 

3.63* 

; 40.,5 

.0520',: 

, .0,143 

20. 0 

■■ ■ 2 ., 94 ','^ 

'' ', 3 ' 5 - 3 ''' 

.0371' ^ 

“.0126'', 


. ■ 1,64 ',i 

19.8 '■ 

',.'0284 ' 

.OJ72' ■' 

7 '. 9 

1,07 

12. 9 

.0172 


,2.1 
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Table XI gives tbe constants for the- sap properties of the grasses. 

SPOROBOnus AiROiDES ToRR.— The first determination of July 27 was 
made on material taken in Tooele Valley. The sample of June 28 was 
taken on the -small sand dunes southeast of Pavant Butte in the Sevier 
Desert. This- species also occupies. low depressions on the leeward side 
of sand dunes on the eastern edge of the sterile portions of the Great 
Salt Lake Desert at Knolls, where it was taken on July 17. 

Disticheis spiCAtA jL.) Greene.— I t is not known just how large a 
concentration of soil solution D, spicaia viiU tolerate. Kearney and his 
associates noted that the salt concentration is higher in the soil under the 
salt-gTass community than under that occupied by the Sporobolus- Chry- 
sothanmus community. The writers’ notes show that where the drainage 
water from the thermal springs at the northern end of the Stansbiiry 
Mountains is abundant, D. spicata and Salicornia utahensis occur in 
association. A reading on the water indicates an osmotic concentration 
of about 21.6 atmospheres and a conductivity of 0.046 mho. 

For actual determinations on the tissue fluids of DisticMis spicata we 
must turn to collections made elsewhere than in Tooele V alley. A sample 
was taken on the low grounds east of the Ice Spring Craters lava field, 
Sevier Desert, on July 5. 

At the bottom of the Terrace Crater, Ice Spring Craters, Sevier Desert, 
is a small plot of grass which has apparently remained in about its present 
condition since'it was first noted by the geologists of the Wheeler survey. 
It is a pure stand of Disiiehlis spicata. The plot is not much higher than 
the level of the ground water in the ancient lava vent, which has been 
shown to be rather saline { 8 ). Thesample taken at midday on July 5 (the 
second sample of that date) was possibly slightly wilted and with a trace 
of excreted salt on the surface of the leaves. Repetition of this col- 
lection on July 20, 1921, gave somewhat lower values. 

These determinations indicate a rather high concentration, including 
an abundance of chlorids, in the leaf-tissue fluids of the salt grass when 
growing in its typical halophytic habitats. When growing where salts 
are less abundant, as on the sandy plain which represents a portion of 
the ancient delta of the Sevier River (sample of June 29) , the plant shows 
a much lower concentration. 

The values for osmotic concentration and electrical conductivity are 
only about half as large as those which were found when the species was 
growing in highly saline areas. The chlorid content is only about one- 
fourth as high. One of these lacks a conductivity measurement. That 
Disiiehlis spicata has an inherently higher concentration than some other 
grass species, and that the concentration is not determined solely by 
tile environment is shown by comparison with determinations made on 
Hilaria jamesii with which it was immediately associated, (June 20), on 
the ancient delta of the Sevier River.- We may note that H, jamesii 
contains only -about half the chlorids found in D. spicata in association 
with' it. , 

SAVr-FLAT COMMUNITIES 

The most highly' saline conditions of the region are encountered -in the 
great' mud flats which cover an area of many "square miles along "the 
' southern-' shore of , the 'Great Salt Lake. These 'flats, are. -diversified ^ by 
' low :,ridges,, which' have' ' already -' been considered ' in the - discussion of ' the 
greasewood-shadsca'le association. "The' flats are'' so - gently ^ that 

■ "'-they ' -appear level,,.''' ' In drier periods.-, the of ;.salt "can be felt asDne 
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walks across them,' and when, viewed from such a distance that the 
scattered hummocks of vegetation can not be^ seen, they are gleaming 
white. . • 

These 'flats are practically devoid .of vegetation except for the Two 
extreme halophytes, Allenrolfea occidentalis and Salicornia utakensisj both 
half shrubs. Annual species may start growth, ' and even flower on 
these hummocks, but thiS' is due only to their, capacity for rapid growth, 
which may be considerably advanced before the salts which have been 
leached out of the upper layers of soil by the spring rains again become 
highly concentrated at the surface. Probably any of the annual species 
which are reported from the ridges in the flats (see greasewood-shadscale 
association) may begin, or perhaps even occasionally complete, a very 
dwarfed development on the low hummocks which constitute the vege- 
tated fraction of the salt flats. The most characteristic of these species 
is the minute Cap sella elliptica Meyer, w-hich was found in countless 
numbers on the lower portions of the ridges and even on the hummocks. 
These plants were, however, practically all matured at the time of our 
first visit, on May 28, Thus they must be characterized by early 
germination and extremely rapid development. 

Water is generally found at a relatively short distance below the 
surface. This may differ greatly in concentration from place to ' place, 
as is shoum by the following determinations (Table XII) based on samples 
from shallow borings. 


Tabub 'Kll.—Physicockemicar constants for springy ground, and surface water, Tooele 

Valley, Utah 


Num- 
ber of 
sample. 

Depth to water, in 
inches. 

Chief constituent of 
vegetation. 

Breez- 

ing 

point 

depres- 

sion, 

A. 

Atmos- 

pheres, 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 
sion, 
K/A. ' , 

Chlo- 
rids per 
liter, 
CL 

I 

Less than 12 ...... . 

Allenrolfea and 

2.75 

33 -I 

0. 0608 

0.0220 




Salicomia. 




2 

About 12. .. .. ...... 


2.52 

30.4 

■0597 

.0236 

24 -S 

3 

About 26. 


3.21 

38-4 

.0704 

.0219 

31*4 

4 1 

About 16 

' Sterile ■ . . , ! 

3.79 

45-4 

.0750 

.,0197 

37-0 


Unrecorded ....... 

.... .do. 

8.01 

QK .2 

.1108 

.oi'?8 

72 . c 

,:,6 1 

Thermal springs... . 


1.94 

23-3 'I 

.0689 

j 

• 03 SS 

Jf ‘ D 

19*3 

^ 7 'i 

Drainage channels . , 


2,51 

30.2 i 

.0470 

.0187 

24.9 

■ 8 : 

.... ,do. ............ 


1,79 ! 

21.6 

.0462 

.0257 

.30.4 

■ 0 1 

. .2 .do. j 


1.70 

2X.6 : 

,0476 

.0265 j 

17,. 7 

V'. j 

TO i 

Spring.,. ......... 

' 

I 0.67 ! 

8.0 

.0203 

•o 3<^5 1 

6'. 2 


Drainage fro,ni' 


0.68 : 

8.1 

.0211 

.0312 ! 

6. ,2 


spring. 







12 

Surface water. 1 

' , ,' i 


4*03 

48.3 

.0865 

.0214 „ 

3 B^ 5 ', 


Sample i 'was taken from a.- small, hummock on the gen.erally sterile 
mud flats near Bermester. ' Samples. 2-5 were' taken.' with, in a narrow 
radius on the highly saline, and largely'sterile,; mu'd;'fiats near the warm 
springs at/the foot ofThe Stansbury Mountains:' northwest of Grantsville. 
These ^ thermal springs' differ 'in. temperature and salinity. Sample 6 
was taken^om ' the deepest of the three springs, on June 18. Water 
from-Th^^ainage 'channels from this group of, springs' was taken in two 
pl^,es on June 18 (samples 7™8') and, again' on JulyT (sample 9)*" ; 
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There are large springs near the northern end of the Stansbury Moun- 
tains, which have small run-off streams which feed limited grass-flat 
areas, but their waters are soon lost in the sterile mud flats. The con- 
centration of the water of these springs has not been studied in detail, 
but is much less than that of the ground water as noted above. Sample 
lo was taken from a large spring at the northern end of the Stansbury 
Mountains. Sample ii was collected from the drainage channel from 
this spring on June 1 2 . These values shown relatively low concentration, 
as compared with those given above, but the water soon reaches high 
concentration, through evaporation. This is shown by the results for 
sample 12 collected on the same date (June 12) from a depression in 
the mud flats, and which had probably in part been derived from, these 
same springs. The results indicate that the concentration of the ground 
water varies enormously in relatively short distances, and suggest that 
the sheet of water must be derived in large part from higher levels. 
Near Bermester there are calcareous rings which indicate the presence 
of active springs at an earlier period. 

The constants show the great variations of concentration to vdiich 
the species which struggle for existence in this region may be subjected. 

The determinations on the plant species are given in Table XIII. 


TablU yilll. -—Physicochemical constants for species of the salt flats 


Growth form and species. 

Date. 

Freezing 

point 

depres- 

sion, 

A. 

Atmos- 

pheres 

osmotic 

concen- 

tration, 

P. 

Specific 

electrical 

conduc- 

tivity, 

K. 

Ratio, 
conduc- 
tivity to 
depres- 

k/A. 

Chlo- 

rids 

per 

liter, 

Ci. 

SHRUBS AND HALF , SHRUBS 








AlUnmlfea occidentalis (S. Wats.) 

1920. 






'K'linitT'.e; 

May 

28 

2.96 

35,6 

0.062!; 

0.0212 



June 

8 

2.45 

29.4 

.0526 

.0430 

14.7 


June 

12 

4.26 

Si.o 

.0808 

.0189 

25.0 


June 

18 

4.06 

48.6 

.0689 

.0170 

26.1 


July 

I 

4.27 

51. X 

•0797 

.0186 

23.7 

Average 



3.60 

43 -x 

.0689 

.0238 

22.9 

Salicornia ntahensis Tidest. ......... 

June 

8 

3.07 

36.8 

.0658 

.0214 

25- 5 


June 

12 

3.66 

43-9 

.0783 

.0213 ’ 

37 * X 


June 

18 

3-56 

42.7 

.0686 

.0192 

30,4 


. . .do. 


3-49 

41.8 

. 0664 

.OIQO 

30-3 


. . .do. 


4*14 

49.8 

•0773 

. 0187 

36.1 


July 

- I 

4*34 

SI -9 

. 0820 

,.0189 

25-7 


. . .do. 


3.42 

41.0 

.0693 

.0202 

28.4 


. . -do. 


3-25 

38.9 

.0668 

.0205 

' ,26.8 

' Average..' 



3.62 

43 • 4 

.0718 

.0199 

0 

d 

<0 

Sarcobatus 'Vermiculaius (Hook.) 








'Totr.. 

May 

2$ 

2.25' 

27 . 1 

.0467 

.0207 





ANNUAD HERBS 








Atnpiex hastata b- * - . • - . 

June 

8 

2:-x5 

25.8 

.0479 

,0223 






June 

II 


■43.3,, 

.0659 

. 01,82 

''v 24'3 

' ' Average. .. ....... 



2.B8 

34 ■ 6 

.0569 

, *0203' 

24.3 
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DISCUSSION OF RESULTS 

Comparison among the various associations may be made in two, ways^ 
(a) by ■ the comparison of the, average values of the whole series of deter- 
minations made in the several associations and (b) by the comparison 
of constants based on one and the same species when growing in two 
different associations. ■' 

Notwithstanding the very large number of determinations, made-- 
in our field operations, a fully satisfactory comparison on either 
basis is not yet possible. Conditions of vital importance to the plant, 
such as soil moisture, soil salinity, temperature, insolation, and the 
evaporating power of the air, change ' rapidly with the march of the 
season. Thus two determinations on the same species in two different 
associations are not directly comparable unless synchronously made. 
The great labor of securing the samples and carrying out the measure- 
ments renders this ideal practically impossible of attainment. Thus the 
comparison here made must be regarded as tentative, 

COMPARISON OF , THE VARIOUS ASSOCIATIONS OF TOOELE VALLEY AMONG 

THEMSELVES 

The averages of the various constants for the habitats discussed in 
the preceding pages appear in Table XIV. 

Considering first the mean values of freezing point lowering in degrees, 
A, and osmotic concentration in atmospheres, P, we may note first of 
ail that in every instance the osmotic concentration of ligneous plants 
is higher than that of herbaceous plants. This result is in agreement 
with that derived from earlier studies in the more mesophy tic region of 
Long Island, N. Y. (ii), in the Jamaica Montane Rain Forest (17), and in 
the Arizona deserts (ip). In die comparison of the various habitats w^e 
must, therefore, direct our attention to the two growth forms separately. 

It is clear that for the ligneous plants the osmotic concentration in 
the sagebrush association is higher than that in the Stansbury Mountains 
at higher levels. This is true whether we consider the three subdivisions 
of the sagebrush association separately or class aH three together. 

The number of ligneous species from the sandhill mixed association 
is too small to Justify a comparison between it and the sagebrush asso- 
ciation. The average of the three ligneous species is, however, higher 
than that of the ligneous plants of the Stansbury Mountains at higher 
elevations. 

The ligneous plants , of the Kochia association show a higher, osmotic 
concentration than that found in any of the foregcfing habitats. 

The ligneous, species in the shadscale association as a whole'" seem ' to 
■ show, lower concentration than those- of the sagebrush association. This, 
is, however, due to the fact that most of the ligneous species recorded, as 
occurring', in the shadscale association are found in the washes where 
they doubtless ,, have a mudi larger supply of water. .The -.average, "of 
the determinations on the shadscale itself is 43.6 a.tniospheres, a value 
far higher than that of any of the preceding- - ' Even higher values for 
the leaves of the shadscale have, been , demonstrated . ..dsewhere and 
probably would be' found here if determinations were '.'made at the period 
of nmpmuTn dryness. 
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TabIvB XIV . — Average values of ike physicochemical consianis for the various plant 

associations 


Habitat. 

Mean 
depres- 
sion of 
freezing 
point, 
A. 

Mean 

atmos- 

pheres 

osmotic 

concen- 

tration, 

P. 

Mean 

specific 

electrical 

conduc- 

tivity, 

K. 

Mean 
ratio, con- 
ductivity 
to depres- 
sion, 
K/A. 

Mean 
chlorid 
per 
liter. 
Cl. ■ 

Stansbiiiy Mountains at higher altitudes 
(Table I): 






Ligneous.. 

1.419 

17.06 

0.01225 

0.00904 

0.68 

Herbaceous 

1.094 

13-3:7 

.01726 

.01674 

1.42 

Sagebrush association^: 






Ligneous. . 

1.832 

22.01 

.02433 

•01333 

2.65 

Herbaceous, 

1.165 

14.01 

.02132 

.01884 

2.83 

Sagebrush association of the foothills 
canyons (Table II): 



0.88 

Ligneous 

1.625 

19.50 

•01535 

. 01005 

Herbaceous 

1. 166 

14.01 

.02209 

. OI98S 

3-5S 

Washes through sagebrush association 
(Table III): 




. 01308 


Ligneous 

2.070 

24.88 

. 02704 

3-31 

Herbaceous 

1-359 

16.33 

.02136 

.01563 

2.76 

Sagebrush association, alluvial fans 
(Table IV): 




' Ligneous 

1.723 

20.70 

.02552 

. 01459 

2.77 

Herbaceous., 

1. 124 

33-53 

.02073 

.01871 

2.36 

Sand-hill mixed association (Table V) : 




Ligneous 

1-713 

1 20.63 

i .02503 

. 01470 

', 2.90 

Herbaceous........ 

I.IOI 

13-24 

1 .02096 

.01934 

1-75 

Xochia association (Table VI): 





Ligneous............. 

^-255 

27.08 

' .03904 

,01853 

7-53 

Herbaceous. 

1*371 

16.49 

.02390 

.01759 

2.71 

Shadscale association : 





Ligneous 

1-546 

18.58 

.02836 

.01845 

5*88 

Herbaceous 

1.207 

14.51 

.02479 

.02017 

3-57 

Typical shadscale association (Table 
VII): 

Ligneous. 





1.866 

22.40 

.03276 

.01806 

, 7-43 

Herbaceous 

Washes through shadscale association 

1.237 

14.87 

.02523 

.02050 

j '2.10 

■ (Table VIII): 





1 

Ligneous. ....... 

1.368 

16.46 

.02592 

.01867 

3-55 

Herbaceous. 

1*155 

13.88 

.02377 

.01940 

4.30 

Greasewood-shadscale association (Table 

Ligneous 

2.674 

31-98 

.04525 

.01792 

18.50 

■ Herbaceous.. ’ 

^^•954 

i II. ,50 

I ■ ' ■ .1 

.01942 

.,02012' 

1.70 

Grass-flat communities (Table ,X) : 

, , . ■ 1 

Ligneous 

2.863 

34-37 

•05S43 

,02080 

14.80 

''Herbaceous. 

1.963 

23-57 

. 04080 

' • 02153 - 

•12 -'53 

;Salt-flat communities (Table XIII) : 

Ligneous. 

3 -157 

37-87 

. 06247 

.02143 

26.45 

Herbaceous 

2.880 

34-60 

-05690 

.02030 

■24,30 


“These averages have been, olstained' by, merely cosnbhiiiag the. totals for the snbhabitats given below. 
They have not been recalculated from uew, species means in the cases in which the, same species is found 
in twoof'thesubhabitats. ' ' ' 
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Tlie ligneous plants of the greasewood-shadscale association, the grass- 
flat communities and the salt-flat, communities average' 32 to 38' atmos- 
pheres. These figures, which, must be regarded as' approximate merely,, 
show that the osmotic concentration found in the native vegetation of 
these habitats is far higher than that which is found in the. tissue fluids 
of cultivated plants. Thus the physicochemical characteristics of the 
tissue fluids of the native' vegetation are such as to indicate 'that few, if 
any cultivated plants have osmotic concentration in their tissue fluids 
which would suit them for prolonged growth in such an environment 
as that presented by the shadscale association, the greasewopd-shadscale 
association, the grass-fiat, and the salt-flat communities as they exist 
in Tooele Valley. This does not necessarily imply that sudi habitats 
could not be suited for crop growth by proper irrigation under con- 
ditions permitting the removal of the salts from the soil by leeching 
and 'drainage. " 

Comparing the mean values of specific electrical conductivity in 
ligneous and herbaceous plants, it appears that in every unit of classi- 
fication except the Stansbury Mountains at higher altitudes and the 
sagebrush association of the foothills canyons, the conductivity is higher 
in the ligneous than in the herbaceous plants. 

This result is in apparent disagreement vrith the findings of an earlier 
paper {20) in which it was shown that the specific electrical conductivity 
of ligneous plants is lower than that of herbaceous forms. 

It must be remembered, however, that in the desert proper we are 
comparing herbaceous species of a very ephemeral nature with ligneous 
species which, to a greater or less extent, remain active throughout the 
season. Many of the latter are typical halophytes. Thus it might be 
expected that the ligneous plants would absorb and retain in solution 
larger quantities of salts than the herbaceous forms. 

In the Stansbury Mountains at higher elevations and in the sagebrush 
association of the foothills canyons where the conditions are more meso- 
phytic the conductivity of herbaceous plants is higher than that of 
ligneous plants, just as has been found to be the case in determinations 
made on Long island. 

The average value of the ratio of specific electrical conductivity to 
freezing point depression K/A is higher in herbaceous than in ligneous 
plants in all the units of classification of the vegetation, wiQi the 
exception of the constants based on the wholly inadequate series of 
determinations on herbaceous species in the Kochia association and in 
the salt flats. This result is in full agreement with the writers’ earlier 
findings. 

T uming back to the osmotic concentrations of the herbaceous species, 
it is clear that there is considerable irregularity in the values , for , the' as- 
sociations higher than the grass flats and the salt flats. It is difficult to 
be certain of the same graduation in the magnitudes of osmotic con- 
centration as has been demonstrated for the ligneous species. It must 
not be forgotten, however, that we are here dealing largely with ephemeral 
species, which die down before the conditions become very severe. The 
average osmotic concentrations for the grass flats and salt flats are con- 
,spicuously higher than those found in the other associations. 

, 'The,:.'chlorid' content of the species of the greasewood-shadscale as- 
sociatiqp., iji ■ the . grass-flat communities, and of the salt flats is con- 
spicuously higher . 'dian that of .any other habitat. The series of analyses 
iS'.mot sufficiently large tO' render .further discussion desirable .at this time. 
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■COMPARISON OR CERTAIN OP THE DOMINANT OR TYPE INDICATOR SPECIES 

OR THE REGION CONSIDERED 

In the preceding section we discussed the average values of the con- 
stants for the various plant associations, pointing out the possible sources ' 
■of error in such a rnethod of comparison and referring to the "desirability 
of a compariosn based on the individual species constants. 

Limitations of space preclude the making of such a detailed com- 
parison in this place, and it is reserved for publication at a later time. 

The chief indicator species of the region, and a detailed discussion of 
the physical conditions of the habitats in which they occur, may be 
found in the lists of species discussed by our predecessors {24). Their 
data, taken in combination' with those presented in the tables of this 
paper, make possible for the reader a comparison of the individual 
species among themselves. 

COMPARISON OR TOOEUE VAnUEY WITH CERTAIN OTHER REGIONS WHICH 
HAVE BEEN INVESTIGATED 

Those who have read the various papers on the sap properties of the 
native vegetation of other regions, cited in the introduction of this paper, 
will note that the osmotic concentrations reported in the Utah habitats 
are very high as compared with those generally found elsewhere. The 
only comparable values are those found by Cavara (j) in plants growing 
along the margins of salt -concentrating basins, by Fitting (5) in the 
extreme conditions of North African deserts, by Harris, Lawrence, and 
Gortner (12) in the most saline portions of the Arizona deserts, by 
Harris and Lawrence (15) in the more saline regions of the Jamaican 
coastal deserts, and by Harris and Lawrence (id) in the mangrove 
"Swamp. These results are in full agreement with the theory that the 
physicochemical properties of the leaf-tissue fluids furnishes an ex- 
cellent index of the physical and chemical conditions of the soil, and 
lends strength to the conclusion that only agricultural plants of ex- 
tremely short-growth periods, such as would enable them to mature 
during the period of more abundant soil moisture and lower salinity of 
the surface layers of soil, or which are capable of developing high osmotic 
concentration and electrical conductivity of their tissue fluids, may be 
expected to thrive under the more extreme conditions, unless these are 
■modified by irrigation. . 

A more detailed comparison of the constants of the plants of this 
region with those of other regions would be of interest from the eco- 
logical rather than from the agricultural side, and will not be attempted 
here. An investigation of other Utah and Arizona desert regions is in 
progress, « and further discussion may await the completion of these 
more extensive studies. 

' BEARING OR THE RESUETS ON. THE PROBEEM OR CROP PRODUCTION .■„ 

In discussing the results of their study of the botanical composition 
of the natural vegetation of Tooele Valley in relation to lie physical 
factors of the soil, Kearney, Briggs Shantz, McLane, and 
(24) point out that within limits, which are defined, ‘‘ . > . '&11 ^portant 
variations in the character of the soil are clearly expressed Jn ap- 
pearance and botanical composition of the plant coverings In other 
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words, the principal types of vegetation, where typically .developed, ' are 
reliable indicators of the physical conditions of the' environment/' 

In summarizing their observations on the attempts, some of them 
highly successful and others complete failures, ' to 'utilize the ■ region 
for agricultural production, they point out that successful growth of 
crop plants, wdth or without irrigation, is so related to the' physical, and 
chemical characteristics , of the soil,' tha^ within limits it can be, predicted 
from the botanical composition of the native vegetation. 

Our studies, conducted with the definite purpose of supplementing 
those of our predecessors, have shown that such physicochemical proper- 
ties of the plant-tissue fluids as osmotic concentration, specific electrical 
conductivity, and chlorid content differ from type to type of vegetation, 
and in such a way as to parallel in a striking manner the findings of our 
predecessors in this field. ' ■ 

In Tooele Valley inadequacy of soil moisture and a high salt content 
may combine in various ways to influence the appearance and botanical 
composition of the vegetation, to determine the physicochemical prop- 
erties of the native species of which the vegetation is made up, and to 
limit crop production. 

The salts of the soil may conceivably be detrimental to crop pro- 
duction in two ways: First, chemically, through the toxicity of certain 
of the constituents; second, physically, through the attainment of an 
osmotic concentration greater than that which can be tolerated by crop * 
plants. The problem of toxicity falls quite outside the scope of this 
paper.. 

Quantitative information concerning the concentration of the soil 
solution as it actually influences the plant in these deserts is not yet 
available, except for the most extreme conditions as found in the salt 
flats, where it has been possible to measure the concentration of the 
ground water, and where the growth of crop plants is obviously impos- 
sible. 

The large series of physical and chemical measurements made by our 
predecessors makes it evident, however, that in all the habitats in which 
any considerable quantity of salt occurs the concentration of the soil 
solution must become very high when the soil moisture is much reduced 
by the drying concomitant with the advance of the season. 

Investigations on native vegetation, in part published and cited in 
the introductory section of this paper, but in large part still un- 
published, -have shown that the osmotic concentration and , specific 
electrical conductivity of the tissue fluids of native vegetation bear 
an .intimate relation to the. aridity' or salinity of the region. It is 
but a short-— and. a very logical — ^step from this conclusion, , which rests 
upon a'large body;, of facts, to. the hypothesis that a fundamental '"'pre- 
requisite for the, survival 'o.f a plant species', wild or cultivated, in, arid 
regions is a much shortened growth period, a highly efficient, water- 
storage mechanism, or a high osmotic concentration of its tissue ''fluids. 

The generally, high osmotic -concentration of the ti.$sue ' fluids .of the 
less ephemeral ® plant species of the region, and the enormous concentra- 
.tions .attained by A triplex confertifolia and Atriplex nuialiii .(21) ,'when 
growing ''in'..such lO'Calities is ample' evidence" for .the necessity ''for: ver}t 
-'■great 'osmotic, concentrations of plant tissue 'fluids .as a '"prerequisite 'for' 
perennial growth- in most of the region considered. ' 

€ ' — — — ^ ^ — ^ — — - 

The lower osmotic conceaitratioas .are 'foimd in the species which persist for but a brief period during 
the spring when growth conditions are more favorable than they can continue to be for the'matnring of*'th.e'' 
most' agricultural plants,, or in the mountains where con.ditions are suitable only for graz'ing.. : ' 
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As far as we yet know, few agricnltural plants are capable of tolerating 
salts in siicli quantities as are present in the soil in certain of these habi- 
tats, or of developing the osmotic concentrations which enable them 
to mthdraw water from soil of such texture, salinity, and dryness. 

A detailed discussion of, the bearing of the results of the present study 
of natural vegetation on the problem of crop production in the arid and 
saline regions is limited by the inadequacy of our published knowledge 
of the physicochemical properties of the tissue fluids of agricultural 
plants. The pertinent facts are being rapidly supplied by detailed 
investigations which have been under way for the past three years on the 
important agricultural plants of the western United States, such as the 
small grains, the grain sorghums, com, and cotton. 

Studies on the small grains at the Nephi substation of the Utah Agricul- 
tural Experiment Station, in a locality formerly occupied by the sage- 
brush association, have shown that none of the varieties of wheat, oats, 
barley, spelt, and emmer grown without irrigation under these conditions 
have tissue fluids with an osmotic concentration as high as that which 
at comparable seasons of the year characterizes the more permanent 
native species of the associations occurring at lower levels than the sage- 
brush,'^ 

Crops other than the small grains have been investigated only under 
irrigation— an artificial condition obviously interfering with the use of 
indicator plants as a criterion in the selecting of land for crop production. 

As grown under irrigation, com and the grain sorghums show osmotic 
concentration of the leaf-tissue fluids which are relatively low as compared 
with the native species discussed in this paper. 

Egyptian and Upland cotton when grown with irrigation under the 
more saline conditions of the Gila River Valley (22) have a much lower 
osmotic concentration of their leaf-tissue fluids than that of most of the 
plant species of the more saline regions of the Tooele Valley. 

The toxicity to agricultural plants of the salts present in the soil and 
the incapacity of agricultural plants for developing osmotic concentra- 
tions sufficiently high to enable them to withdraw water from the soil, 
must both be considered in seeking for the physiological explanation of 
the varying suitability of the various habitats for crop production. 

SUMMARY AND CONCLUSIONS ' 

The earlier studies of Kearney, Briggs, Shantz, McUane, and Piemeisel 
(24) have shown that in Tooele Valley, Utah, the plant associations of 
natural vegetation indicate the conditions of soil moisture and salinity 
of the land on which they are found and thus afford a basis for the esti- 
mation of its suitability for crop production. 

The purpose of the present investigation has been a consideration of 
the physicochemical properties of the leaf -tissue fluids of these indicator 
plants with a view to determining whether the magnitudes of such con- 
stants as osmotic concentration, specific electrical condiictmty and 
ehlortd content show a parallelism to the series of soil and vegetation 
types recognized by our predecessors in this field. 

The following salient facts concerning the vegetation may be noted. 
The statements concerning soils are based upon the findings of our 

" CwmpaU&cm of tise crop plants with ' the, herfoa'ceotis- species -of .the Severn! associations is precluded by 
the^fact that most of the native herbs complete their development and disappear long before the winter 
grains reach; ihsturity., ■ 
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predecessors. Those concerning crop production represent their obser- 
vations as well as our own. 

Eight major divisions of the vegetation have been recognized: The 
Stansbury Mountains at higher altitudes, the sagebrush association,, the 
sand-hill mixed association, the Kochia association, the shadscale asso- 
ciation, the greasewood-shadscale association, the grass-flat communities, 
and the salt-flat communities. 

With the exception of the Stansbury, Mountains at higher altitudes, 
and to a less extent of the grass-flat and the salt-flat communities, these 
associations are distinguished primarily by their woody plant species. 
The herbaceous plants are iargel}- ephemeral, completing their growth 
during the early spring, while moisture is still available near the surface 
and while the salts have been to some extent washed out of the super- 
ficial layers of soil. These ephemeral species are to some extent common 
to all the associations. Because of their general distribution, as well as 
because of the limited period during which they may be identified, they 
are of less value as indicator plants than the woody species which are 
active throughout the season. The following generalizations are, there- 
fore, based upon the results for ligneous species. 

The sagebrush {Artemisia frideniata) association, which occupies the 
land nearest the mountains and is the highest which is of interest for ag- 
ricultural (as distinguished from grazing) operations, occurs generally 
on rather deep soil, of rather light texture, easily permeable to water, 
and free from large quantities of salts. With the exception of the Stans- 
bury Mountains at higher altitudes and possibly of the sand-hill mixed 
association, the plants of the sagebrush association have the lowest 
osmotic concentration, specific electrical conductivity and chlorid con- 
tent of any of the associations investigated. The average values of these 
constants are about 22 atmospheres osmotic concentration, 0.024 
conductivity and 2.65 gm. per liter chlorid content. These values are 
of about the same order as those found near the end of the season in 
small grains as grown under dry farm agriculture at Nephi, Utah.® The 
sagebrush land is the locus of the chief dry farming operations of the 
region. 

The Kochia {Kochia vesiiia) association which occupies areas lying 
below the sagebrush zone, is found on land of finer texture, relatively 
greater impermeability to water, higher moisture-holding capacity, and 
greater salt content at a small depth below the surface. Suifficient 
moisture for growth is generally wanting during the summer. Dry 
farming is precarious, owing to the small depth of soil free from salts. 
Even under irrigation the relatively impervious nature of the soil might 
make difficult the washing out of the salts to a depth which would permit 
profitable crop production. The vegetation is characterized by a higher 
osmotic concentration, specific electrical conductivity and chlorid con- 
tent than that of the sagebrush association. When the sagebrush pene- 
trates into the Kochia association it is extremely dwarfed, and its tissue 
fluids may attain an abnormally high osmotic concentration. 

The shadscale {Airiplex conferiifolia) association occupies the outwash 
slopes below the Kochia association. The soil is similar, in the main, to 
that of the Kochia association, but frequently contains much gravel and 
may 'become even drier, during the summer. "Dry farming is hazardous, 
"but where water"' is available for washing' , out the salt and supplying 

8, Statement based on unpublished results. 
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moisture, irrigated crops may be grown. The osmotic concentration, 
specific electrical conductiifity, and chlorid content of the tissue fluids 
are higher than in any of the preceding associations. The leaf-tissue fluids' 
of A triplex confertifolia may under some conditions develop an , osmotic 
concentration as high as 150 atmospheres, specific electrical conductivity 
of o. 129 mho, and a chlorid content equivalent to, over 100 gm. of common 
salt per liter of leaf-tissue fluids. 

The grease wood-shadscale {Sarcohatus mrmiculatus BXiA Atriplex con- 
fertifolia) association occupies a belt lying between the shadscale asso- 
ciation and the grass flats and salt fiats. It also occupies the ridges 
and hummocks which diversify the highly saline mud fiats along the 
southern shore of the Great Salt Take. Soil moisture and salinity are 
much higher than in any of the preceding associations, and agricultural 
development must involve irrigation, and in some places drainage as 
well. The average osmotic concentration of the leaf sap of the woody 
species is over 30 atmospheres, the average specific electrical conduc- 
tivity is over 0.045 mho, and the average chlorid content over iS gm. 
of Ci per liter. 

The grass flats occupy land of high moisture content but of highly 
variable salinity. The physicochemical constants of the tissue fluids 
are closely correlated with the salinity of the ground water. The values 
of osmotic concentration, specific electrical conductivity, and chlorid 
content are, roughly speaking, comparable with those found in the 
preceding and the following associations. Except when the conditions 
can be modified by drainage (which is generally impracticable because 
of the low level of the land), the grass flats have greater value for graz- 
ing or for natural hay production than for any other crop. 

The salt flats are characterized by soil of exceedingly fine texture 
which is moist for a large part of the year. In late summer salt crystal- 
lizes out over the surface. Plants are found only on small hummocks 
or along drainage channels from springs. Allenrolfea occidentalis mxd 
Salicornia tUahensis, both stem succulents, are the chief species. These 
are both characterized by an osmotic concentration of about 40 atmos- 
pheres, a specific electrical conductivity of over 0.060 mlio, and a chlorid 
content of 1 7 to 30 gm. per liter of tissue fluid. 

From the foregoing outline of the findings as to matters of fact, it is 
clear that there is a clo.se parallelism between the physicochemical prop- 
erties of the tissue fluids of the native species on the one hand and the 
characteristics of the soil and the capacity of the land for crop produc- 
tion 0.11 the other. ' 

The fact that few agricultural plants of importance have sap proper- 
ties similar to those of the native desert species probably furnishes the 
explanation of the failure of crop plants in the” more severe of tlie habi- 
tats of this region except as their conditions are modified by irrigation. 
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investigations on the nematode disease of 

CEREALS CAUSED BY TYLENCHUS TRITICI^ 


By R. W. ^ 

Assisfani Pathologist, Office of Cereal Investigations; Bureau of Plant Industry^ United 
States Department of Agriculture 

.INTRODUCTION 

The nematode disease of wheat, caused by Tylendms tritici (Stein.) 
Bast. (25, jYt has been known to be prevalent for many years in Europe, 
where at times it has caused severe losses. The discovery in 1918 that it 
was destructive in certain parts of the United States led the Office of 
Cereal Investigations of the Bureau of Plant Industry to begin a study 
of the trouble with a view to controlling or completely eradicating the 
disease. The history of the disease and a description of the causal 
organism, together with certain phases of its physiology, were given by 
Byars (6) in 1920. The purpose of the present publication is to present 
the results of the more recent studies of the disease, including a detailed 
description of the common symptoms. 

COMMON NA.ME 

The nematode disease of cereals, caused by Tylendms tritici , has been 
given various names in the countries where it has been observed. In 
Germany, owing to the similarity of the galls ^ to seeds of cockle, it is 
called ‘' RadekrankheiU' (cockle disease), and on account of the gnarled 
appearance of infected plantS; it is also called “ Gichtkrankheit'' (gout 
disease) . In France it was cortfused for a long time with bunt or stinking 
smut and therefore referred to as “bl^nielle.'' In England, according to 
Ormerod (19), the disease has been called ‘(purples,” owing to the purple 
tint of the galls at a certain stage of their development. It is known 
there also as cockles, ear cockle, and false ergot. In the United States the 
disease is known by various names, among which the most common are 
eelworm or nematode disease, cockle wheat, hard smut, and nematode 
gall. The name nematode disease is used in this publication. 

GEOGRAPHICAL DISTRIBUTION 

The nematode disease of wheat is easily spread long distances by means 
of the g^lls mixed in the seed wheat. As a result, its distribution is almost 
world-wide. Sorauer (24, p, 26-30) states that it occurs in France, 

ReceiYitfiJor ptibHcatioii Mardb ii. 1924. The major portion of the' in:ves.tigatit>tLS herein reported was 
conducted at the Arlin^gton Experiment Farm, Hosslyn* Va. , The rotation studies were conducted on the 
farms of W. S. FinneB, Bdorrisville, Va., and j. E. Riffee', Woodstock., Va., whose generous cooperation 
together with that of 'B. A. 'Wariiner', county agent, WcwDdstock, Va. , assisted greatly in making this phase, 
of the investigations possible. A considerable portion of the research was 'Conducted at Madison., Wis-., in 
cooperation with the Wisconsin Agricultural Experiment Station. 

®'T^ writer wishes especially to express his appreciation' for .the assistance in. various. ways. Dr.'T. 
P... Byars, formerly Pathologist, Office of Cotton, Truck and Forage Crop' Uisease I nvs^tigationS jthrwigh 
the early stages of the investigation, and to Dr. A. -G.' Johnson for the, many .helpful' suggestions and 
other valuable assistance rendered through out the progr^ of .the studies and in the preparatioh .of the 
■taanuscTipt. 

’ ® Reference is made by number (italic) to “ literature cited/* pp. 9S4-9SS- . 
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wheat infected' by 
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Germany^ Austria, Hungary, Switzerland, Italy, Sweden, Holland, 
England, and Australia. Byars (6) found galls in wheat from Russia, 
India, China, and Turkestan. Avema-Sacca (a, 254) observed the 

disease in Brazil in 1912. Among the British African colonies and pro- 
tectorates, Dr. E. J. Butler ‘states, in correspondence, that it has been 
reported only from Egypt. It has not been reported from Central 
America, Mexico, or Canada. ' 

According to Johnson (15), it was first reported in the United States in 
1909 in Calhomia, West Virginia, New York, and Georgia. Later it was 
found widely distributed in Virginia, which State has since been found to 
contain the chief area of infestation. At present there are no indications 
of the disease in New York or California. Recent surveys have revealed 
its presence in 53 counties in Virginia, ii in West Virginia, 2 in North 
Carolina, i in South Carolina, and i in Georgia. Probably a wide and 
intensive survey would show a general spread of the trouble outward 
from the badly infested region in the western part of Virginia. , 

The disease usually is found by the discovery of galls in the grain and 
screenings at the mills. However, it sometimes is difficult to determine 
the source of the gall-infested grain found in a mill. For example, galls 
found in a Maryland mill were later traced to wheat shipped in from 
Virginia. Gall-infested wheat in a mill in Ohio was found to have come 
from West Virginia. The report of the disease in New York likewise 
may have been the result of galls in wheat shipped in from an infested 
area in another State. 

ECONOMIC IMPORTANCE 

Some of the earlier European workers in Germany, Austria, and Eng- 
land mention the nematode disease as the cause of severe losses. Doubt- 
less these losses were due largely to ignorance concerning the nature of 
the disease and the methods for its control. At present its economic 
status in Europe is of minor importance, probably on account of im- 
proved farm practice, such as rotation of crops and the use of clean seed. 

During the recent war the disease became very severe in certain 
sections of the southeastern United States, owing to the lack of rotation 
incident to the intensive wheat-production program. It was found that 
wheat or rye grown on land infested by a nematode-diseased crop the 
previous year usually became severely infected and was greatly reduced 
in yield. In wheat the losses were sometimes as high as 50 per cent, and 
according to Byars (5) losses as high as 70 per cent have been reported. 
In certain cases rye was even more severely injured than wheat, one 
field in Virginia in 1919 being a total loss. In addition to the reduction 
in yield, according to Coleman and Regan (S), the quality and conse- 
quently the market value also are greatly reduced, owing to the presence 
of the galls in the grain. 

In order to determine the effect of the disease on rye, the following 
experiment was conducted in 1920. Seed of winter rye was mixed with 
an equal volume of galls from wheat and sown in plats on the Arlington 
Experiment Farm. At maturity the plants from both the inoculated 
and uninoculated plats were pulled. Representative infected plants 
were selected from the inoculated plat and a similar lot of healthy plants 
was taken' from the uninoculated plat. From the infected*, pitots ■ four 
lots of 100 culms each were cut off immediately above the crown. From 
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the healthy plants three lots of 100 culms each were similarly cut. In no 
case was any special selection made, the culms being taken as they came. 
Each lot of 100 culms from the infected plants was hand- threshed sep- 
arately. The galls were separated from the kernels in each case, and for 
each lot the weights of the straw, kernels, and galls were determined 
separately. Similarly, each lot of 100 culms from the healthy plants was 
hand-threshed separately. In each case the weights of the grain and of 
the straw from each lot were secured. The results are given inTable I. 


Table I . — Weight of straw and weight and 'volume of threshed grain from three lots of 
healthy and four lots of rumatode-infected rye culms, 100 culms in each lot, Arlmgton 
Experiment Farm, Rosslyn, Va., fune, ig 20 



It is of especial interest to note that although the average percentages 
of galls are only 12 and 22 per cent by weight and by volume, respec- 
tively, the actual average reduction in the yield of kernels from infected 
plants as compared with the yield from uninfected plants is 64 and 63 per 
cent by weight and by volume, respectively. This seems to indicate 
that the percentage by weight or volume of galls in infested grain does 
not truly represent the actual reduction in yield caused by the disease. 
This is shown also in Tables VII and VIII. 

Reports of reduced yields caused by the nematode disease may vary 
widely owing to the different methods used to determine the amount of 
reduction. Percentages of infection may be based on the relative num- 
ber of seedlings showing symptoms, the relative number of heads con- 
taining galls, or the percentage of galls in the threshed grain. Head 
counts may take into consideration partially infected and totally infected 
heads. . The percentage of galls in the threshed grain may be based on 
the relative number, volume,' or vreight .of galls 'and kernels. In order 
to compare these different methods of taking and recording percentages 
of infection, the data were tabulated from, an experiment conducted at 
the Arlington Experiment Farm in the crop year. 1919-20, in' which the 
relative susceptibility of wheat,’ rye, - emmer, and spelt -was studied. 
These percentages are given in Table II. - 
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Tabi^K 11.— Percentage of infected seedlings and infected heads and percentage of galh, 
'^. by number, volume, and weight, in the threshed grain of different varieties of winter 
j ~ wheat, winter rye, winter emmet, and winter spelt grown in inoculated soil at ike Arling- 
• ton Experiment Farm, Rosslyn, Va., during the crop year igiQ~20 


Variety. 

C. I. No. 

percentage of infection based on- 

~ 

Percentage of 
infected — 

Percentage of galls by— 

Seedlings. 

Heads. 

Number. 

Volume. 

'Weight' 

Winter wheat : 


67 
73 
66 

68 
62 

72 
52 
66 
62 

2 

so 

57 

68 

37 

^3 

65 

7 t 

65 

45 

52 

73 

74 

88 

80 

63 

So 

80 

64 
85 
66 
T. 
95 

87 
93 
44 
93 
77 

65 

9 X 

71 

93 

88 

sx 

S3 

52 

43 

61 

63 

40 

6t 

47 

33 

69 

31 

28 
42 
48 
26 
41 

29 

23 

59 

22 

14 

3 x 

30 

x 6 

29 

l 3 

Bearded Purple Straw 

Bearded Winter Fife 

Brown Fife 

China 

CurrelL.. 

Bietz Bongberry 

Genesee Giant 

mini Chief 

1911 

1942 

X 933 

180 

3326 

1981 

1744 

5406 

5146 
4832 

3 I 15-2 
1912-15 

5147 
1973 
3489 

X 733 

X91S 

3413 

6163 

2980 

Beap 

^Mediterranean 

Do 

Nebraska No. aS 

New Amber Bongberry 

Poole 

Potomac 

Purplestraw 

Red Fultz 

Shepherd 

Stoner 

Average 

54 

65 

73 

52 

68 

50 

51 

70 

S8 

73 

35 
46 

46 

25 

Sx 

31 

3 X 

52 

36 

S6 

55 

24 

33 

41 
II 

36 

20 

20 

40 

24 

42 
42 

59 



57 

39 

27 

Rye: 

Abruzzes *. 

Rosen 

Von Riimker No. 2 

Winter 

Average 

40 

195 

174 

208 

26 

35 

3 X 

56 

96 
94 
98 
• 6s 

40 

53 

55 

I 56 

13 

x 9 ; 

2 Z 

2,2 

s 

10 

11 
It 

37 

88 

51 i 

19 

9 

Emmer: 







Black Winter 


25 


25 



White Winter 

2337 

3628 

71 


27 



Average..... 

48 


■26 i 



Spelt: 






Alstroum . 

X ^'*7 % 

28 


6 1 



Bearded Winter. 


40 



r 


Red Winter. , . 


35 


i 

* 

Average... 

I -72 

34 












From a comparison of these methods, as shown in Table II and graphi- 
cally in Figure i, it seems that the percentage of infection based on head 
counts invariably is the highest, while that based on the relative weight 
of galls and kernels is the lowest. However, in the case of winter wheat, 
none of these methods takes into consideration the reduction in stand 
following the use of nematode-infested seed. 

During the crop season 1921--22, the following experiment was con- 
ducted at Madison, Wis., to determine if reduction in stand followed the 
use of nematode-infested seed: Turkey wheat was sown in four plats 
of equal size. The first plat was sown with uninfested seed. ■ : The^'seed 
sown in the second plat was mixed with 5 per cent of its weight in galls. 
In the third plat the. seed was ruixed with 15 per cent and Si 'the fourth 
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plat with 45 per cent of its weight in galls. The resulting stands and 
yields are given in Table III. ’ ' 

Tabi^E in . — Number of plants arid culms and weight of graimfrom Turkey wheat unin~ 
fcste-d with galls and infested at seeding time with different quantities of galls, together 
with reduction in stand and yield and percentage by count of galls in threshed grain 
from inoculated plats at Madison, Wis., in xg22 



i4///£4r 

Fig. i.—Grapii comparing the results of determining by different methods the percentages of nematode 
disease infection in different varieties of wheat as shown in Table II. 

There seemed to be a consistent relation between the quantity " of' 
infecting material used and the resulting reduction in the stand. Fromme 
(10) found a similar relation between the" percentage of galls in the' seed 
and the' resulting severity of infection. 

Estimates of reduced' yield, ''due to nematode Jnjury,,, based o,n' the" 
number of, seedlings showing s^^nnptoms of- such injury are inaccurate, 
because it , was' found , that many plants .showing such symptoms aS' seed- 
lings, did not always produce, galls'. at maturity. Eighty plants showing 
typical syn^toms, of nematode injury, were tagged as seedlings at the 
Jfflmgton Experiment Farm in April, 1919, and at , maturity 15 ,of , them'. 
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or 18.75 .perxent,,, produced, gall-free heads. On the other hand, nu- 

merdus seedlings with no apparent s3nnptoms whatever upon dissection 
and microscopic examination proved to harbor an abundance of nema- 
todes, In October, 1919, a number of varieties of wheat, rye, emmer, 
and spelt were sown with a heavy inoculation of galls in rod rows at the 
Arlington Experiment Farm. In the spring the percentage by count 
of seedlings showing signs of nematode injury was^ determined. At 
maturity the percentage of infected heads in each variety of wheat and 
rye was determined. Then the plants of each of these varieties were 
separately threshed in a head thresher. In the threshed grain of each 
variety the percentages of infection based on the number, volume, and 
weight, respectively, of galls were detennined. The results as set forth 
in Table II indicate that some varieties showing pronounced symptoms 
as seedlings did not produce as many or as badly diseased heads as other 
varieties in which seedling injury was less evident. 

Twelve heads of rye were carefully threshed by hand and the galls 
and kernels in each head counted, as shown in Table IV. An examina- 
tion of these and numerous other diseased heads showed that the degree 
of infection in the spikes varied all the v/ay from heads producing all 
galls and no kernels to those having only one or two galls and- 30 or more 
kernels. 


Table IV. — Number of galls and kernels in infected heads of rye at the Arlington Expert* 
ment Farm, Rosslyn, Va., in IQ20 


Head No. 

Galls. 

Kernels, 

t 

Head No. 

Galls. 

i 

Kernels. 

I 



7. 



2 

27 j 

15 

S 

54 

IX 

3 . I 

23 

3 

9 

12 i 

17 . 

4. 

12 

35 

10. 

* 1 
39 j 

10 



■ 44 ■ 

10 

II 

IX 

6 ,.. i 

30 

20 

12 

I 

0 i 

26 




■1 


An estimate of reduced yield based on the relative number of infected 
heads apparently is even more inaccurate than one based on the relative 
number of seedlings showing symptoms of nematode injury. Further- 
more, this method of determining reduction in yield does not take into 
consideration the plants killed as seedlings and those prevented from 
heading.' 

Estimates of yield reduction based on the relative number, volume, or 
weight of galls and kernels in the infeste4 grain after threshing are likely 
to be too low for the following three reasons : 

Many infected plants are killed as seedlings. During April, 1919, Soo. diseased 
seedlmgs in the plats at the Arlington Experiment Farm were labeled. During the 
latter part of May they were again examined and 70 of them, or over 14 per cent, were 
found dead. . 

Many of the diseased plants,, although producing only a few galls, are so badly 
sttmted that at maturity they lalso produce very few kernels. Thus, although the 
relative number of galls is not gldrtly increased, the actual yield of grain is more than 
prorortionately reduced. 

The threshed grain contains fi-litively fewer galls than would be found In a hand- 
threshed sample, as the galls aiii«relatively light in weight and many are blown out 
mth the straw and screenings ai:iitreshing time, ^ / 

yv'Evm'''m a haud-thresheaimmple, 'the percentage by nun&er of' galls 

in the grain, is not a trustwj hy basis for estimating reductions in 3dd4, 
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for as manj^ may replace a single kernel.,,,,,. Likewise, tlie 

percentage 'hj weigKt:”"is "inadequate, "as the galls" are "very light in com- 

parison witli the kemels. 

The relative volume of. galls and kernels, while far from being an ideal 
or accurate basis for estimating reductions in yield, seems to be the most 
nearly adequate. In order ■ to determine accurately , the reduction in 
yield, it is necessary to compare the yields of infected and uninfected 
crops grown under parallel conditions. Limited data of this kind 
were obtained for rye in connection with another experiment. These 
results are given in Tables VII and VIII. 

Thus far the nematode disease of cereals has not been reported from 
any part of the spring- wheat region. Experiments were conducted at 
the Arlington Experiment Farm in 1920 to determine how this disease 
would affect spring wheat. In March 3-rod rows of each of 13 varieties 
of spring wheat were sown in soil which had been heavily inoculated with 
galls during the previous October and also in soil to which galls were 
applied at the time of seeding. Two rows of each variety were sown on 
clean soil at the same time. No infection occurred in tlie uninoculated 
control rows, but unfortunately these plants were destroyed by sparrows 
before harvest to such an extent that reliable yield data could not be 
secured from them. 

The percentage of seedling injury in the inoculated rows was deter- 
mined by noting the number of diseased plants per 100 in three rep- 
resentative parts of each row. At maturity the plants from each set 
of rows were threshed and the percentages of galls in the grain by num- 
ber, volume, and weight were determined. The results are given in 
Table V. 

Tabli® V . — Percentages of diseased seedlings and percentages of galls by number ^ volume ^ 
and weight in the threshed grain of different varieties of spring wheat grown on soil 
inoculated with galls in ike fall and on soil inoculated at time of sowing in the spring 
at the Arlington Experimeni Farm in ig20 


Variety. 

C. I. 
No. 

Fall-inoculated soil. 

Spring-inoculated soil. 

Seed- 

ling 

infec- 

tion. 

Galls in threshed grain. 

Seed- 

ling 

infec- 

tion. 

Galls in threshed grain. 

Num- 

ber. 

Vol- 

ume. 

W^eight. 

Num- 

ber, 

Vol- 

ume. 

Weight. 



Per 

Per 

Per 

Per 

Per 

Per 

Per 

Per 



cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

cent. 

Amautka 

4064 

32 

30 

13 

7 

46 

63 

40 

27 

Baart 

1697 

50 

41 

21 

^3 

8s 

97 

93 

90 

Dicklow ' ' 

3663 

60 

36 

16 

13 

85 

9 d 

92 

95 

Hard Federation 

4733 ■ 

So 

24 

II 

S 

96 

99 

99 

99 

HayneS' Blnestem 

2874 

30 

9 

3 

3 

70 

95 

88 

S 3 

Kota. . . 

S87S 

32 

30 

14 

7 

80 

87 

71 

63 

.Kubanka. . 

1440 

. 34 " 

37 

16 

9 

70 

88 

' .74 

71 

Marquis. 

3641 

33 

S 

4 

. 2 

70 

8.1 

60 

48 

Monad ■ 

3320 

16 

69 

44 ; 

32 

70 

82 

64 : 

55 

Pentad (D-5) 

3322 

37 

63 

66 

26, 

68 

81 

62 ,i 

' 50 

Power 

3697 

56 

37 

19 

14 

S3 

95 

92' ^ 

9 X 

Prelude 

4323 

90 

80 

61 

40 ■' 

' 98 

99 

96 

94 

Kuby 

6047 i 

60 

33 

20 

II 

95 

99 

,S8 

82 

Avera.|fe 


46 

.38 

24 

. 14 

■ 

78 

89 

,78 

73 
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It will be noted that unusually severe infections were obtained in all 
13 varieties on the spring-inoculated soil. On the soil inoculated in 
the fall a number of the varieties showed considerable infection. In this 
latter series it is of especial interest to note that^two varieties, Haynes 
Bluestem and Marquis, showed a' moderately high degree of seedling 
injury but low percentages of infection in the hhreslied grain. Such 
variations in these or other varieties were not evident on the soil inocu- 
lated at sowing time in spring. This may have been because of the 
unusually severe infection, as practically all the plants grown on the soil 
inoculated at the time of sowing were badly stunted and deformed and 
produced but few normal kernels (PI. i, E). Infection was much less 
severe on the soil inoculated in the fall, some of the varieties even com- 
paring favorably in vigor, and apparently in yield, with those grown in 
the uninoculated control rows. 

A similar experiment with fewer varieties was conducted at Madison, 
Wis., in 1921, with similar results. In one plat the galls were placed in 
the soil on October 7, 1920, and in another plat on April 7 the following 
spring, at which time four varieties of spring wheat were sown in both 
plats and also in an adjacent uninoculated control plat. No infections 
occurred in the latter. The data on seedling injury in the inoculated 
plat were obtained as before by observing 300 plants in each plat. The 
amount of infection is shown in Table VI. 


Table VI . — Percentage of plants showing seedling injury and percentages by volume of 
galls in the threshed grain from f our varieties of spring wheat grown o n soil inoculated 
'with galls in the fall and on soil inoculated at time of sowing at Madison, Wis., in xgsi 



Seedling injury on — 

f 

Percentage by 
volume of galls in 
threshed grain. 

Variety. 

Soil inoc- 
ulated 
in the 
fall. 

1 

Soil inoc- 
ulated 
in the 
spring. 

Soil inoc- 
ulated 
in the 
fall. 

Soil inoc- 
ulated 
in the 
spring. 

MarQuis 

Per cent. 

Per cent, i 
66 

Trace. 


PrUude. 




Huron 

Sf 

80 

6 

80 

Unnamed hybrid ■ 

6 

84 

4 

70 

Average 

6 

76 


79 






It seems evident that although the nematodes can overwinter to some 
extent in the soil in Wisconsin, the only important source of infection 
of spring wheat would be infested seed. The use of such seed results in 
an almost worthless crop. This experiment with spring- wheat varieties 
was repeated in 1922 at Madison with similar results. The stand and 
yield of the^ wheat grown on the soil inoculated in the spring were prac- 
tically negligible, while those of the wheat sown in soil inoculated the 
previous fall were quite good. 

Rye was included dn the latter experiment and, although the soil 
inoculated in the spring did not cause as severe an infection as in the 
case of the wheat, yet the yield was considerably reduced. The rye 
grown on fall-inoculated soil was not appreciably injured. The results 
are given in Table VII. ■ 
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Table VII - — Comparative seedling injury and infection, percentages and yields of IVu- 
consin spring rye grown on soil uninoculated and inoculated with galls in the fall and 
in thesprmg, respectively, at Madison, Wis., in ig 22 


Plat, 

Seedling 

injury. 

Volume 

of 

yield. 

Reduc- 
tion in 
volume. 

Weight 

of 

yield. 

Reduc- 
tion in 
weight. 

Volume. 

Kernels. 

Galla 

Galls. 


Per cent. 

1 Cc. ; 

Per cent. 

Grams. 

Per cm f. 

Cc. 

Cc. 

Per cent. 

Control tminoculated. 

0 

1 '350 i 

0 

262 

0 

3 SO 

0 

0 

Fail inoculated 

2 

! 350 

0 

253 

3 

348 

2 

' . Trace, 

Spring inoculated .... 

1 16 

250 

29 

I 372 ' 

■ 34 

220 

30 

12 


Winter wheat and rye also were sown at Madison in the fall of 1920, 
and the soil was inoculated with galls at the time of sowing. The results 
were very similar to those obtained in the southeastern United States, 
The symptoms of the disease appeared in the fall, the organisms were 
found between the leaf sheaths of the plants throughout the winter, 
and at harvest time an abundance of galls was found in the heads. On 
account of injury caused by sparrows, complete data on the wheat were 
not obtained. The rye, however, was not injured by the birds and pro- 
duced the results shown in Table VIII. 

Table VIII . — Percentage of seedling injury, volume and weight of grain from inoculated 
and uninoculated plats of Wisconsin winter rye, volume and percentage by volume 
of galls, and percentage reduction in yield in the threshed grain from the inoculated 
flats at Madison, Wis., fn ig22: 


Row, 

Seedling 

injury. 

Volume 
of total 
yield. 

Reduc- 

Weight 
of total 
yield. 

Reduc- 


Volume. 


tlon. 

tlon. 

Kernels, 

Galls. 

Galls. 

Uninoculated control. 

Per cent. 

Cc. 

s6o 

32s 

Per cent. 

Grams. 

\ 407 

1 21S 

Per cmi. 

Cc. 

560 1 
275 j 

Cc. 

0 1 

Per cent. 

Inoculated 

60 

42 1 

47 

'3,0. 

10 

Inoculated, 

i 

60 

320 

43 j 

1 

1 2-02 

1 

, ' 50 j 

250 1 

40 i 

1 

14 


From these experiments we may conclude that the nematode disease 
could cause serious losses in the spring- wheat region if , unfortunately, it 
were introduced there. Gall-infested seed when sown in spring insures 
the presence of enormous numbers of active larvae which are not sub- 
jected in the free-living state to the unfavorable conditions obtaining in 
the winter atid thus are able to bring about severe infection. 

HOSTS 

Considerable disagreement exists among investigators as to the host 
range of the wheat nematode, although all have secured abundant infec- 
tion in wheat 

Roffredi {21, 22) states that he- obtained infection in rye,; barley, and 
spelt. ' 

■ Marcinowski {if,, p. 6 y-iij) .tried to infect rye, spelt, barley, and oats. 
Galls were found in the. &st two -only, although larvae.' in, .abundance 
«-,.were found between the leaf sheaths of all four, 'She states that- .the rye 
-' galls were small and that the larvae in them were not so far developed 
as Jfio'se found in the- galls in wheat. .Spelt did not produce ' as ' many 
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galls in the heads as were used in inoculating the seed. Only one barley 
plant was found showing symptoms of nematode injury in the seedling 
stage, while oats seemed to be entirely immune. Rye, barley, and oats, 
Marcinowski concludes, are not to be considered congenial hosts for the 
wheat nematode. Henslow (ra) claims to have secured slight infection 
in oats, barley, and' rye. 

In experiments extending over two years, Byars, Johnson, and Leukel 
(7) found rye to be fully as susceptible to the nematode disease as wheat 
and in some cases even more severely affected. The resulting galls 
usually are smaller than those in wheat and also lighter in color (PI. 5, H) , 
but, contrary to Marcinowski’s findings, the larvae are as fully developed 
in the rye galls as are those found in wheat galls. Galls obtained from 
rye heads were used for inoculating both wheat and rye, and abundant 
infection was obtained in both cases. The infection percentages obtained 
by inoculating four varieties of rye with nematode galls at the time of 
seeding are given in Table II. 

Two varieties of emmer {Triticum dicoccum Schr.), Black Winter and 
White Winter, also were found to be extremely susceptible and were 
characterized by an unusually large number of leaf galls (PI. i, B and C). 
The number of galls obtained upon threshing constituted over 25 per 
cent of the grain. 

Spelt {Triticum spelta L.), while more resistant than most of the varie- 
ties of wheat, rye, and emmer used in the experiment, nevertheless is to 
be classed as a susceptible host. It showed abundant symptoms of 
nematode injury in the seedling stage, and 6 per cent of the volume of 
the hand-threshed grain consisted of galls. The varieties grown were 
Alstroum, Bearded Winter, and Red Winter. 

The following varieties of oats were sown at the Arlington Experiment 
Farm in 1920 and galls sown with the seed: Aurora, Culberson, Fulghum, 
Red Rustproof, and Winter Turf. Red Rustproof was found to be 
slightly injured in the seedling stage (PL 2, D and E), and in a few cases 
small galls formed while the heads were still in the boot, but up to 
the present time no galls have been found in the ripened grain. In order 
to determine whether the yield of spring oats can be reduced appreciably 
by the wheat nematode {Tylenchus tritici), seed of two varieties was 
sown with an equal volume of galls at Madison, Wis., in April, 1922. 
An equal quantity of uninoculated seed was used as a control. Obser- 
vations were made at intervals during the growing period, and at 
maturity each row was threshed separately and the yield recorded 
(Table IX). In no case was there any perceptible differemce in stand, 
vigor, or appearance between the inoculated oats and the control. 
Sparrow injury made exact yield data impossible, but such results as ^ 
were obtained seemed to indicate that nematode injury did not affect 
the yield. 

The following five varieties of barley, were used in infection experi- 
ments at the Arlin^on Experiment Farm (1919-1920) : Haijsee Hull- 
less, Squarehead Winter, Tennessee Winter, Texas Winter, and Wis- 
consin Winter. Hansee Hull-less was the only one which showed any 
symptoms of nematode injury (PL 3, A and B) although the others 
often were found to contain larvae between the leaf sheaths. Of x86 
ripe heads of Hansee Hull-less barley, only 3 contained gal|s (PL 3, B). 
These were small and shriveled, but contained larvae similar to those in 
galls from wheat. Wheat and iDarley, similarly inoculated, are showtf in 
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Plate 4. It will be noted that, while the' wheat is badly stunted, the 
barley appatently is uninjured. On the assumption that, hull-less barley 
might be more susceptible than hulled barley, seeds of several hull-less 
varieties were sown at Madison, Wis., (1922) with a heavy inoculation of 
galls but in no case was infection obtained. As in the case of oats, com- 
■‘'parative data were taken on the inoculated barley and on uninpculated 
■controls, and no differences were observed in comparative vigor, stand, 
or yield (Table IX). 


TabIvB TK.— Yields of five lo-fooi rows of barley and oat varieties, three' inoctilaied and 
two miinoculaied with galls of the wheat 'nematode at the time of sowing, at Madison, 
Wis^, in ig22 


Variety. 

Inoailated. 

Uninoctilated. ' 

Row r. : 

Row 2. 

Row .3. 

Average. ' 

Row t. 

Row 2. : 

Average. 

Barley: 

! Grams. 

Grams. 

Grams. 


Grams. \ 

Grams. 


White Htill-less 

no 

los 

70 

95 

82, I 

8S 

84 

Nepal. 

S3 

80 

86 

83 

86 

82 

! ' 84 

Himalaya. 

141 

ISS 

148 

' 148 

X40, 

144 

142 

Black Hull-lejs 

270 

1 .311 

293 

i 291 

254 

352 

i , 253 

Oats: 








Golden Sheaf ® 

220 

i 100 

ISS 

1 iss 

272 

226 

249 

Wisconsin Pedigree No. 7 <*. . 

190 

1 300 

250 

=47 

270 

460 

3^5 


o Injury by sparrows makes results inconclusive. 


Grasses appear to be immune from the wheat nematode. In experi- 
ments extending over two years, Marcinowski ( jy, /?. 67-117), using 
nematodes from wheat, tried to infect 15 species of grasses belonging to 
seven genera. Although she used an abundance of inoculating material, 
several hundred galls per plant, she secured no infection. In many plants 
dissected and examined, numerous larvae had gathered about the growing 
point, hut all the remaining plants matured normally and produced seed 
without any indication of gall formation. 

Similar experiments conducted by the writer at Madison, Wis. (1921- 
22), also gave negative results. Seeds of several species of Agrostis, 
Arrhenatherum, Festuca, Lolium, Phleum, and Poa were inoculated at 
time of sowing with both whole and ground galls. The inoculated plants 
at no time differed in any respect from the uninoculated control. Larvae 
in small numbers' sometimes were found about the growing points' of 
dissected plants, but no disease symptoms were evident , and the' plants 
matured; normally. ' 

Neither do the . nematodes producing galls on certain grasses seem able 
to. infect wheat. Bessey (4) tried to infect' wheat by sowing it with 
nematode galls from the following seven genera of grasses: Agropyron, 
Agrostis, Calamagrostis, Chaetochloa, Elymus, Sporobolus, and Trisetum. 
He secured no infection whatsoever. . The writer inoculated wheat at 
seeding, time with both galls .and free larvae from Calamagrostis, but in 
no case were any symptoms of nematode injury observed' or head .iiifectio,n 
secured. 

Tylenchus ' tritici is a highly specialized' parasite requiring .either wheat, 
or a, nearly related host in order '.to '.multiply rapidly. Therefore,' land 
infested by ijie wheat nematode may be sown to grass or even to oats or 
barley widiout danger of perpetuating or spreading the disease. 
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DESCRIPTION 
vegetative symptoms 

The first evidence of nematode injury in the seedling plant is the 
appearance of slight elevations on the upper side of the leaf with corre- 
sponding indentations on the lower side. These elevations soon become' 
more pronounced and the leaf sometimes takes on a somewhat yellowish, 
mottled appearance (PI. i, D). The leaf may become wrinkled, begin- 
ning usually at the edge of the blade. This wrinkling, however, often 
is found to a slight extent on healthy plants. As this condition becomes 
aggravated, the leaf margins curl in from the edges toward the midrib 
on the upper side very much as in some cases of aphid injury, and fre- 
quently the leaf is split in one or more places. This rolling or curling 
leaf often incloses the emerging blade of a younger leaf, thus retarding its 
normal growth and causing it to become more or less distorted and 
“buckled’’ (PL 2, A). As this younger leaf is not free to grow longitu- 
dinally, it often grows in a zigzag manner, frequently while within the 
inclosing older leaf sheath, causing the latter to assume a swelled or 
bulged appearance. This hindrance to the growth of the leaf tip often 
causes another deformity, namely, the bending of the culm, as shown in 
Plate 2, C. A similar restriction to the growth of several successive 
leaves may bring about an alternate curving of the stem in opposite 
directions. 

The slight clockwise twist occurring naturally in wheat leaves often 
is so accentuated in the diseased plants that the leaves form a ratlier tight 
spiral roll, as shown in Plate 2, B. Sometimes only a part and sometimes 
the whole of the leaf is involved. When the plant approaches the heading 
stage, the flag leaf often becomes wound tightly about the stem, thus 
interfering considerably with the emergence of the head from the boot 
(PL I , A) . The awns frequently are somewhat distorted when they issue 
from the inclosing sheath, but they often assume their normal appearance 
later. 

As the plant approaches maturity, some of the earlier symptoms may 
disappear. This was proved by tagging a large number of infested 
seedlings in April, 1919, and observing them at intervals until maturity. 
Some of the badly distorted leaves w^ere found withered and dead, while 
those formed later showed no pronounced symptoms. This, however, 
is not of general occurrence, especially if the plant is badly deformed 
in the seedling stage, for in the majority of the plants observed symptoms 
on the vegetative parts were evident at maturity. Of the plants examined 
on April 20, 1919, 62 per cent showed symptoms. On May 22 another 
count was made and 58 per cent still showed S3nnptoms, 

It may be well to add that similar symptoms often are caused by other 
agencies, such as aphids, the Hessian fly, drought, and some fungous 
diseases. Neither does the absence of symptons indicate freedom from 
the disease, for often a plant which appears hedthy in every respect 
produces an infected head. Wheat with symptoms similar to nematode 
Injury, but which probably are due to drought, is shown in Plate 2, F. 
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HEAD SYMPTOMS 

The diseased heads generally differ from the healthy heads in size and 
shape, and sometimes in color. They also remain green longer than, 
healthy ones. A healthy wheat head between two diseased heads is 
shown in Plate 3, C and D. Occasionally, however, we find diseased 
heads which compare favorably in size with uninfected ones. Especially 
is this true when they contain but few galls, ' ■ The glumes of the diseased 
ears stand out more nearly horizontally, especially when immature, owing 
to the greater diameter of the galls as compared with that of the kernels. 
This makes the heads resemble somewhat those infected with bunt. In 
rye this is not so much the case, for the galls in this cereal usually are 
smaller than the rye kernels, and, unless a head is badly diseased, it may 
closely resemble a healthy one (PI. 3, E and F). 

The infected culms, as a rule, are shorter than the healthy ones. Appl 
(j) gives an average difference between tlie two of about 10 cm. A 
similar shortening was observed in the infected vrheat and rye in the 
experimental plats at the Arlington Experiment Farm. Measurements 
of several hundred healthy and diseased culms of wheat sho'wed an aver- 
age difference of 12 cm. Bata on the weight of the straw and grain 
from normal and diseased rye plants showed that the reduction in the 
yield of straw and grain from infected plants was considerable (Table V). 

If one head in a stool is infected it does not necessarily follow that the 
others in that stool also are diseased. Just as we may have galls and 
normal kernels in the same head, so also there may be both diseased 
and healthy heads in the same plants. This fact was established by 
sowing heavily inoculated kernels several inches apart so that the plants 
would stool profusely. The plants were examined carefully at maturity 
and the individual heads threshed. The data obtained are presented 
n Table X. 


TabIvE X . — Number of healthy and infected heads in individual stools of wheat grown 
on inoculated soil at the Arlington Experiment Farm., Rosslyn, Va., in ig20 


Number of culms in the stool. 1 

, 

Infected 

heads. 

Healthy 

heads. 

Shat- 
tered a 
and 
sterile 
heads. 

6 






I' 



2 


o 


8 

o 

4 


1 

3 

o 


4 

9 



4 ' 

\ J 

' , 2 

6 J 

■ 3 

' 3''' 

1 ' ' , 'O 


6 

1 , I 


i6,..; ' ' 

I 

7 

'S" 

8 ' ' 

,, «( 

: 2 „ 

'1 


6 ' 

2 : 

' ' 5 






« Shattered, heads include those partly or wholly threshed by birds or by .haadl'mg before .final data 
w.ere obtained.' 


number AND ARRANGEMENT OF GAUDS IN SPISEUBTS . : 

In healthy wheat and rye a spikelet usually .produces two ' 'or three 
kernels, one . in ■ each developed floret. But in wheat affected with the 
nematode disease' a floret often produces two to four galls, formed, from. 
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the different organs, and four, five, or even more gall- producing florets, 
may develop witliin a spikelet. In 25 diseased heads of wheat, there 
were found 2 ■ spikelets with only i developed floret each, 85 spike! ets 
with 2 florets, 120 with 3, 87 with 4, 30 with 5, and 4 with 6, In,, 
these same spikelets, 33 contained only i gall each, 108 contained 2 
galls each, 98 contained 3 galls, 70 contained 4 galls, 28 contained 5. 
galls, 6 contained 6 galls, 2 contained 7 galls, and i contained 9 galls.. 
Some of these data are ’presented in Table XI. • 


Tabus XI . — Number of florets per spikelet and the contents of the florets in each spikelet 
in nematode-infected wheat heads from plants grown at the Arlington Experiment 
Farm, Fa., in ig20 


spikelet No. 

Florets. 

Galls. 

Kernels. 

Spikelet No. 

Florets. 

Galls. 

Kernels. 



3 

0 


3 

2 






38.. 


2 




3 


39 


3 




2 







3 

3 

I 

41 

3 

2 


6 



I 


4 

3 





0 



5 


8 

6 

6 

I 



2 












6 


46 





4 











48 


2 


13 


5 

0 



4 



s 




I 

I 










16 






I 










18 

3 

2 

■ I 

54 

2 

0 

2 

19 , ] 

A \ 

2 ! 

2 

55. 

4 

3 

I 

so ' 

3 

2 

I 

56 

3 

1 2 

X.''„ 

21 . 

3 

s 

I 

57 

4 

3 

I 

22 

5 

S 

0 

S8 

3 

2 

X 

2^ 

6 

9 i 

0 

5 Q 

3 

I 

2 

24 

4 

5 

0 

60 

3 

2 

I' 

2«; 

4 

5 ■ 

0 

61 

1 3 

2 

X' 

26 

S 

6 

0 

62 

I 

0 

I 

37 , 

i 6 

7 

0 

65 

t 3 

2 

1 0 

28 

1 5 

7 

0 

64 

1 - 

' 3 

t 

r 

20 

4 

3 

I 

65 

3 

2 

I 

30 

i 5 

4 

1 

66 

3 

2 

X 

31 

1 5 

4 

I 

67 

4 

3 

'I. 

32 

! 4 

! 4 

I 

68 

4 

3 

r 

33 

4 

3 

1 

69 

3 

4 

0 

34 

4 

5 

0 

70 

4 

4 

0 

35. 

i 4 

4 

0 

71 

S 

5 

0 

36 

1 ^ 

4. 

3 

I 

72 

4 

6 

0 




1 

Average 

3.6 

3 'a 

0.8 


DESCRIPTION OP GAELS 

In the earlier stages of their formation the young galls can be dis- 
tinguished from the nattirally forming kernels by their greener color,, 
their glistening smoothness, and the absence of the feathery pistil. As 
the heads approach maturity the galls are readily distinguished from the 
kernels by their shape, greener color, and the manner in which they cause 
the glumes to spread, due to their greater diameter. 

The mature galls in winter wheat, emmer, an.d spelt are alike in size 
and appearance, hut considerable difference was observed in the shape 
and color of the galls in some spring wheats, especially Trelude. 

The galls in wheat are from 3.5 to 4.5 mm. in length and from 2 to 3 
mm, in width. Variations from these dimensions are frequent, some 
galls' "being , larger than wheat kernels and others "very much, smaller. 
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They usiiall}?' are dark, almost black, in color, ' but the proximal ends 
invariably show a light-brown coloration. The distal ends often have 
one or more characteristic beaklike projections. The galls, like the 
wheat kernels, generally are furrowed on one side, but they usually are 
shorter and proportionately thicker (PL 5, G)., They are without 
pubescence of any kind. ■, *' 

Galls in rye, as a rule, are longer in proportion to their width than 
those in wheat and are more irregular in form. In length they vary from 
2 to 4.5 and even 5 mm., and in width from i to 2.5 mm. They are 
decidedly lighter in color than galls in wheat, being of a buff shade, 
much like rye kernels. The difference between galls in rye and wheat and 
the variation in the size of galls in rye are shown in ‘Plate 5, G and H. 

In addition to the galls formed in the flower, galls sometimes are formed 
on the leaves (PL i, B and C). How these galls originate has not been 
determined, but they probably begin to form before the leaf emerges 
from the sheath. They bear no resemblance to flower galls in appear- 
ance, being very much wrinkled and irregular in shape. They contain 
mature nematodes when still green *and at a later stage are full of larvae. 
As these galls are relatively rare they are of minor importance. 

Nematode galls in wheat often are mistaken for smut balls, cockle 
seeds, vetch seeds, bin-burnt kernels, ergot sclerotia, or other material 
^ commonly found in threshed grain. Galls are readily distinguished from 
smut balls by the fact that the latter are easily crushed between the 
fingers’ into a mass of black powder, where^ the galls are hard and firm. 
Cockle seeds should be recognized at once by their characteristic spiny 
seed coat and vetch seeds by their smoothness, rotundity, and uniform 
color. The ergot sclerotia formed in wheat heads by Claviceps purpurea 
(Fr.) TuL can be identified by their color, shape, and cross section. 
Some of the differences between gaUs and other material commonly 
found in wheat are shown in Plate 5. 

THE CAUSAE ORGANISM 

The nematode disease often is called the eel worm disease of wheat on 
account of the eellike appearance and movements of the causal organ- 
ism, Tylenchus tritici, as seen under the microscope. The mature gall 
contains a white fibrous mass of these microscopic worms. Their life 
history, according to Byars (<5), is quite simple. Escaping into the soil 
from the disintegrating galls after the latter have been sown with the 
wheat, the nematodes reach the wheat seedlings, climb up the stem 
presumably, get in between the leaf sheaths, and finally reach the apical 
growing point of the culm, with which they are elevated when the culm 
elongates. Here they remain until the wheat head begins to develop, 
when in some manner they enter the floral organs which are stimulated 
to the formation of galls instead of some of the normal flower parts, such 
as the ovary and stamens. It is uncertain whether they enter the tissues 
by penetration or by inclusion. Within the newly formed galls they 
develop rapidly into mature males and females. Copulation and egg 
laying follow, and by the time the galls are mature they are filled with 
masses of newly hatched, partly dried larvae. Galls opened just before 
maturity are found to contain thousands of eggs from which these larvae 
develop. At a somewhat earlier stage are seen only the adult males and 
females. ■ ' ' 
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The eggs are elongate, cylindrical bodies with the length about twice 
the diameter and granular in appearance. They vary somewhat in size, 
averaging about 40 by 85 pt. They have a single nucleus and a smooth 
tough chitinlike coat. The larvae emerge from the eggs a few days after 
these have been deposited, being quite fully developed while still in the 
uterus ^of the female. The freshly hatched larvae are about 500 ju in 
length, threadlike in appearance, and unable to withstand unfavorable 
conditions. 

This so-called first stage is of short duration, and after one or more 
molts the larvae reach the second stage of their development- They 
remain in this stage until after they have escaped from the gall, have 
entered the tissues of another host plant, and have caused the formation 
of other galls. They vary in length from about 700 to 900 pt and in 
width from 15 to 20 pt, or about one-fortieth of their length. Their 
structure is very simple, consisting of a tube within a tube, the outer 
one being the body covering and the inner one the digestive tract. 
The anterior end is provided with a hollow buccal spear with which the 
organism probably pierces plant tissues and extracts nourishment after it 
has escaped from the gall and entered another plant. There is no 
sexual differentiation in this stage, but the beginningof the reproductive 
system appears as a half-moon-shaped, light area located midway be- 
tween the ends of the intestine. 

Investigators generally agree that the larvae take practically no 
nourishment until after they have invaded the tissues of the host plant. 
This belief seems to be borne out by the fact that as the free-living stage 
is prolonged the larvae become more transparent. The translucent 
granular matter in the intestine which is regarded as reserve food grad- 
ually disappears. Yet it seems reasonable to suppose that in order to 
produce such pronounced deformities in the plant before heading has 
begun the organism must use its buccal spear and esophageal bulb to 
puncture the cells and extract plant juices while still in the free-living 
stage. 

After entering the host tissues the larvae rapidly develop into mature 
male and female adults. These are large enough to be clearly visible 
to the naked eye. The females average about 4 mm. and the moles about 
2.5 mm. in length. Both are proportionately wider than the larvae. 
The reproductive system in each is fully developed and occupies most 
of the body space, especially in the female. Egg laying continues for 
some weeks, each female being capable of depositing as many as 2,000 
or more eggs during that period.^ 

The number of mature nematodes, as well as the relative number of 
males and females, varies widely in different galls. Green galls from 
spelt, wheat, and emmer were opened and the mature nematodes care- 
fully counted. The results are shown in Table XII. 


® Fora technical description of eggs, larvae, and adults, see Department Bulletin 842 (' 5 ). 



Mar. 33, 1934 


Nematode Disease Caused by Tylenchus triiici 


941 


TablieJ XII . — Number of adult nematodes foimd in immature galls from spelt, wheat, 
and emmer grown at the Arlington Experiment Farm in igig 


Source of galls. 

Number 
of galls. 

Highest number 
of — 

Dowest number 
of— 

Average number 
of— 

Males. 

Females. 

Males. 

Females. 

Males. 

Females. 

Spelt 

1 3^ 

6 

8 

0 

I 

3 

4.4 

Wheat 

I 40 

18 

14 

3 

3 

' '7 

8.0 

Do 

r 30' 

42 

37 

I 

3 

17 

16. 0 

Bmuier 

,4 

1 40 

45 

; ® 

3 

1 20 

23 . 0 


These figures are larger than those of Marcinowski (^7), who found 
that none of the nine galls examined contained more than 16 adults. 
Byars {6) states that a gall contains an average of six or seven females. 
According to the figures given in Table XII his estimates also are rather 
low. 

SPREAD OF THE DISEASE 
IN GRAIN, STRAW, AND MANURE 

The most common and only important method of spreading this dis- 
ease is by means of galls in tide seed wheat from infested areas. It is 
likely to be spread from farm to farm by means of threshing machines. 
This was illustrated in Jackson County, Ga., where the disease occurred 
for many years only on those farms in a certain '‘ threshing ring.'’ 

As many galls are blown into the straw at threshing time, this also 
may serve to distribute the disease, provided the straw is not allowed 
to decay in the barnyard or in the manure pit. 

At Madison, Wis. (1921-22), the writer thoroughly mixed a quantity 
of barnyard manure with a generous sprinkling of whole galls. An 
equal quantity of manure was mixed with a like quantity of ground 
galls. This manure was stored in a manure pit for six weeks and then 
applied to two separate plats of land which later were sown to wheat. 
No infection of the wheat followed. Two adjacent plats of soil received 
an application of manure which was mixed with galls, both whole and 
ground, immediately before being spread on the land. Wheat sown on 
these plats sho’wed abundant evidence of nematode injury in the fall 
and although badly winterkilled produced a number of infected heads 
the following summer. These results with others are shown later in 
^^JableXVIL'. ■■ 

; I N THE so m 

The organisms may be spread in the soil to a limited extent By sur- 
face water, by infested soil on farm implements, or by the feet of farm 
animals going from infested to uninfested fields. In such instances the 
larvae may be within the galls or in a free-living condition in the soil. As 
they can endure long periods of desiccation they even may be blown about 
by the wind. However, dissemination by these means is so relatively 
unimportant that it is quite safe to grow wheat on clean soil adjacent to 
_ very badly TMested soil. -The writer ;has' 'grown wheat repeatedly on 
^'plats a few feet away Trom: badly infested ' soil, and where no heavy wash- 
ing occurred was unable to find any infected heads in the plats on clean 


85607—24—4 
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Tlie free larvae are incapable of traveling very far by their own move- 
ments. Haberlandt (ii) claims to have secured infection in wheat' 
plants growing 20 cm. from the, point at which the galls were placed ''' 
in the ground. Byars { 6 ) states that he “found abundant infection in ■, 
wheat growing 30 cm. away from unopened galls.’' Marcinowski (17) , , 
secured no infection in plants growing beyond 5 cm. from the buried" 
galls, Appl (j) states that the larvae can not reach plants 10 cm. from 
the galls. 

.The results bearing on this question, obtained by the writer during 
two seasons, were varied. Wheat was sown at Arlington Experiment 
Farm in the fall of 1919 in circular plats at different distances from the 
central area in which galls were placed 5 cm. below the surface of a sandy 
clay loam. A metal cylinder surrounded each plat to prevent washing. 
Wire cages were used to exclude birds and rodents, and every precau- 
tion was taken to prevent accidental spreading of the organisms. In- 
fection was not secured in any plants growing beyond 10 cm. (4 inches) 
from the infested area. 


TabIvB XIII . — Effect of placing galls at different distances from the seed 071 the degree of 
infection hi the heads of Prelude and Marquis wheats', Madison, Wis., IQ22 




Heads of Prelude ’Wheat, 

Heads of Marquis "Wheat. 


placed from seed. 

Exam- 

ined. 

Infected. 

Healthy 

Shat- 

tered.a 

Exam- 

ined. 

Infected. 

Healthy 

Shat- 

tered.cr 

' Inches, j 

■ 74 ! 

Total, 

60 

Per 

cent. 

St 

5 

9 

21S 

T oial. 
65 

Per 

ce?ii. 

30 

133 

20 


100 

72 

72 

20 

8 

210 

46 

22 

140 

H 

3.... 

130 

80 

62 

3S 

12 

ISO 

26 

17 

116 

8 

4 , 

140 

56 

40 

0 

84 

90 

12 

13 

77 

X 

6 

170 

63 

37 

8s 

22 

180 

16 

9 

160 

4 


ISO I 

so 

33 

90 

10 

107 

7 

7 

100 

0 

12 . ... . . 

100 

30 

30 

65 

5 

I 4 S 

3 

2 

142 



a Heads wholly or partly threshed by birds or by handlmg so that conclusive data could not be obtained. 


This experiment was later repeated at Madison, Wis., spring wheat 
being used in this case in a black garden soil. Frames 4 feet square 
were sunk into the ground several inches and allowed to project above 
the surface about 2 indies. Within each of tliese frames and 4 inches 
from it was another frame sunk inch into the ground and projecting 
K iiich above the surface. On April 15, 1922, 5 ie area between these 
two frames was heavily inoculated with galls, whole galls in half of iktj 
space and coarsely ground galls in the other half. On April 21 Prelude , 
wheat, a very susceptible spring variety, and Marquis, a more resistant 
variety, were sown in the center of the different frames at distances of 
I, 2, 3, 4, 6, 9, and 12 inches from the infested outer area. A few ker- 
nels were sown in the inoculated soil to test the virulence of the inoculum. , 
On May 15, about three weeks after sowing, abundant symptoms were 
observed in the Prelude plants i and 2 inches from the inoculated area, 
while all the plants Rowing in it were badly distorted. A few days 
later several plants 3 inches from the inoculum showed decided symp- 
toms and upon examination were found to contain swarms of larvae. 
On June 5, or 45 days after sowing, 12 badly infested Prelude plants wereii 
found, 4 each at 6, 9, and 12 inches, respectively, from^the inoculated 
area. When ripe, the plants in each frame were harvested and ^each 
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head threshed by hand. The results shown in Table XIII'' are coii“- 
clusive evidence of the fact that: the larvae ■ can bring about infection 
when galls are placed in the soil as far as 12 inches (30 cm.) from' the seed.; 

The larvae seem, able to travel ’vertically as far as 30 cm. ' Marcinowski 
(17) buried galls at depths of 3, 6, 10, 15, and 30 cm.', respectively. At 
the first four depths she secured head ■ infection, the greatest being at 
3 cm. At 30 cm. no galls were formed although a few larvae reached 
the plants. 

The writer’s results show greater movement of larvae than this, as. 
he found that galls buried 30 cm. deep produced some head infection. 
Galls were buried at depths of 2, 4, 6, 9, 12, and 15 inches, respectively, 
in bottomless wooden frames sunk into the ground. In another series, 
boxes with,' closed bottoms were used to eliminate a possible complica- 
tion due to water rising in the soil. Winter wheat w^as sown in these 
frames in October and in the following June the heads were collected 
and threshed by hand. The results are showm in Table XIV (A) and (B) » 

Tabi,]^ XIV . — Relation between the depth at which galU were placed in the soil and the 
resulting infection of wheat heads, Arlington Experhncni Farm, igig^eo 

A. IN BOTTOMLESS FRAMES 


Number of heads. 



Depth (iuch^). 

Exam- 


Infected. 



ined. 

Healthy. 

Number. 

Per cent. 


120 

70 



6 

90 

40 

60 

30 

30 

33 


66 

60 

53 

54 

6 

20 

■ ,10 


i 

56 

0 

, ' 0 


B. IN FRAMES WITH CLOSED BOTTOMS 


6..., 


31 

1 ' n 

; , ' '6 

33 

8....: 


1 'aS' 

i S 

X '5 

IQ. ............. 

88 

77 

i II 

13 

■ ' ' 1 1 





C. IN METAL CYLINDERS IN FIELD 



c Heads somewhat ' shattered by birds. 


■Similar results were obtained in the field. Galls were burled at, different 
depths i.n circular plats, and wire cages were used to, heep' out birds and 
rodents." ' Wheat was sown in the fall and when the heads were harvested 
the following June^ the results given in Table, XIV (C) were obtamed. 

At 'Madison,; Wis.., in. 1922, this'.experitnent' was repeated, but spring 
wheat was use-d., The galls, some of which were ground to, insure early 
liberation of the larvae,, were buried at .the following' respective distances 
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below tlie seed: 15, 12, 10, 8, 6, 4 and 2 inches, respectively. Three 
controls were sown. In one, galls were placed with the seed at the time', 
of somdng; in another they were strewn on the surface of the ground 
immediately after sowing; and in a third no inoculum was ^ used. With 
the exception of the three controls, the galls were placed in' the soilon 
April 15, and the wheat was sown a week later. ■ Three ' weeks ■ after 
sowing, the seedlings in the two inoculated controls showed symptoms 
of nematode injury- Five -weeks after the time of sowing, some infested 
plants were found in the frame in which galls had been placed two inches 
below the seed. No vegetative s5miptoms were observed in the plants 
in any of the other frames although galls were found in a number of the 
heads at harvest time, as shown in Table XV. 


Tabls XV . — Percentage of infected heads of Prelude wheat resulting from placing galls 
in the soil at various depths in relation to the seed, Madison , Wis., ig22 




Heads of wheat. 


Location, of galls in relation to seed. 

Exam- 

ined. 

Infected. 

Healthy. 

Shat- 

tered. 



Total. 

Per cent. 



Control without galls 

90 

a 

0 

80 

10 

Galls on surface 

Galls with seed a 

80 

m 

61 

26 

5 

Galls 2 inches below seed ... 

54 

17 

32 

37 

0 

Galls 4 inches below seed 

44 

26 

59 

14 

4 

Galls 6 inches below seed 

35 I 

7 

20 

23 

5 

Galls 8 inches below seed 

30 { 

5 i 

17 

21 

4 

Galls xo inches bdow seed ... 

75 

41 

55 

28 

1 ■ ■ 6 

Galls 12 inches below seed 

69 ! 

IS 

22 

36 

I x8 

Galls IS inches below seed 

70 i 

1 

0 

0 

50 

1 20 


^ Plants injured so badly in the seedling stage that no heads were produced. 


Invasion by the nematodes probably occurred at so late a stage that 
head infection took place very shortly after the larvae reached the plants. 
It is evident from the high percentages of infected heads in the frames 
in which the galls had been buried 10 and 12 inches below the seed that, 
although some of the larvae are killed at the greater depths, many are 
able to travel upward through a foot of compact soil to reach the host 
plants. This fact proves the futility of deep plowing of the stubble 
as a control measure. 

transmission through birds and animals 

To what extent the larvae of Tylenchus tritici survive passage through 
the digestive tract of birds and farm animals has long been a debated 
question. Marcinowski (17) fed galls to sparrows, goldfinches, pigeons, 
cMckens, mice, gophers, and marmots. She collected and examined the 
excreta and found some live larvae in all except that from the chickens, 
gophers, and marmots. She succeeded in infecting wheat plants by 
placing the droppings of the goldfinches with the seeds sown. She con- 
cluded, however, that inasmuch as the birds took the galls very unwill- 
ingly and only when no other food was available, birds are a minor 
factor in the spread of the nematodes. ^ 

In 1921, E. R. Kalmbach, of the Bureau of Biological §urvey, United 
States Department of Agriculture, working in cooperation with the 
writer, fed galls containing adults* eggs, and of Tylenchus ^ 
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to two lots of sparrows. At various intervals of time after feedings' the 
feces of the ' first lot were examined and some of the birds in , the other 
lot were killed,, and the contents of the digestive tract examined. ■ Very 
rarely were any' live larvae found in the feces or near the end of the 
alimentary tract' and then only in very small numbers. It was con- 
cluded from this that birds are relatively unimportant in spreading the 
nematode disease. 

In the nematode-infested districts it is a common practice to feed the 
gall-infested wheat screenings to farm animals. An experiment was 
conducted in cooperation with the Wisconsin Agricultural Experiment 
Station, at Madison, Wis., in 1921-22 to determine whether the organ- 
isms survive passage through the digestive tract of farm animals and 
remain capable of attacking wheat grown on land to which the manure 
is later applied. Two horses, two cows, eight hogs, four sheep, and 
twelve chickens were used in the experiment. In each case the different 
kinds of animals were divided into two groups. The first group received 
about a pint of whole nematode galls mixed with its daily feed. The 
second group received an equal quantity of ground galls. Small quanti- 
ties of the manure from each of the first groups of animals were examined 
for the presence of galls but only in the excreta of the horse, cow, and 
hog were any found (Table XVI). The recovered galls were examined 
and nearly two-thirds of them were found empty while the rest con- 
tained only dead larvae, most of which were in the first stages of de- 
composition. This seemed to indicate that the nematodes failed to sur- 
vive passage through the alimentary tract of these animals. 


Table XVI . — Number and condition of galls and larvae voided by farm animals fed 
whole galls, Madison, Wis. y jg22 



The feeding was continued for a week. The manure from the horses, 
cows, and hogs was collected daily and stored in separate heaps. The 
chicken manure was coljected from the dropping board at the end of the 
week and divided into two lots : One lot was stored in a box for six weeks 
and the other lot was immediately applied to the land. The sheep manure 
was of little value in this experiment as nematode-infested feed became 
scattered about the sheep stall by the animals while feeding. The manure 
from the different animals in each lot was spread upon small plats and 
spaded into the soil. Turkey wheat was then sown on these plats on 
Se'ptember„.,7.. , ' ' 

: Four^control platsalso were sown. - On the first, -uninfested' manure -was 
^^applied'and' uninfested seed was,sown.^- : On' the second, uninfested ,mantire, 
was- applied aftd infested seed sown. . On the third plat barnyard 'manure 
■artificidly infested with galls was applied and uninfested seed' was sown. 



946 


Journal of Agricultural Research 


VoL XXVII, No. la 


The' foortli plat was like the third except that the galls were ground. 
During tlie fall the plants on all the plats were examined periodically for 
symptoms of ' the nematode disease. The plats which had received an 
application of artificially infested manure and also those in which infested 
seed had been sown produced a stand of wheat which was badly diseased. 
The plats upon which the sheep manure had been applied also produced 
numerous diseased plants due,, as stated before, to the sheep scattering, 
the infested feed about the stall. In no other plat were symptoms of the 
disease observed, and the examination of numerous seedlings from these 
plats under the microscope failed to. reveal the presence of any larvae 
between the leaf sheaths of the plants. 

During the winter, much of the wheat was winterkilled, especially in 
the three control plats which had shown a large amount of seedling injury 
in the fall. The wheat which survived the winter was harvested, hand- 
threshed, and the grain examined for galls. The results are given in 
Table XVII. 

Table XVII . — Weight of grain and number of galls in hand-threshed grain fro'^ different 
piaU of soil sown with Turhey wheat after receiving an application of manure from one 
of several kinds of farm animals fed whole or ground galls, or an application of manure to 
which had been added whole or ground galls and which was either immediately applied to 
the land or stored in a manure pit for six weeks, together with similar data from two 
control plats which had received an application of uninfested manure, one being sown 
with infested seed and the other with uninfested seed, Madison, Wis., season JQ2I-22. 


Plat 

No. 

Source and treatment of 
manure. 

Kidd of inoculum used. 

Weight of 
grain. 

Number 
of galls in 
grain. 

, ' 



Grams. 

X2S 




Galls in seed 




Galls in manure 

-?n 

47 

38 



Ground galls in manure 


S 


Galls in stored manure 



6 


Ground galls in stored manure 





Whole galls in feed. 



8 

. . . . do 

Ground galls in feed 

200 


9 

Cnw 

li^ole galls in feed 

■ 

*0 

do 

Ground galls in feed 



11 

Hog ' 

Whole galls in feed 

1 , 400 
650 
650 

0 

12 

.... .do. . . 

Ground galls in feed 


17 : 

iS 

Cow. 

Whole galls in feed 

® 88 
® 3 

..... do 

Ground galls in feed 

19 

30 1 

Sheep 

Wnhofe galls in feed 


& 260 

dp . . 

Ground galls in feed . 

200 

21 ' 

Chicken, stored. 

do 



22 

Chickenj fresh 

do ; . 



23 

24 

Chicken, stored 

Whole galls in feed 

600 

e cn 

0 

Chicken, fresh . . 

do 







« Infection due to galls or larvae washing downhill from an adjacent plat intentionally inoculated at time 
ofsowmg.: 

^ This infection was due to nematode-infested feed being scattered about the stalls by the sheep whiles 
feeding. 

With the exception of a few cases of what were'mndoubtedly' accidental:.' 
infections (fig. 2), the plants from the plats which had not been purposely 
inoculated produced healthy heads. It may be safely concluded ftoin 
these data that there is little or no danger of spreading the nematode 
disease by means of the manure from farm animals which have been fed 
Infested grain. However, If , gall-infested straw, .used '■for ' bedding,.: is ^ 
spread upon the land without first being stored in the barnyard or 
manure pit, it is quite probable"'that"th€ land would become*', infestedT 
In that case, however, com or some other nonsusceptible crop could be 
grown with safety. ", ' 
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Fig. a.—Biagram showing the arrangemejit of the field plats in which were conducted the experiments, 
referred to in'Tables III and XVII, conbeming the transmission of nematodes through animals, thpr lon- 
gevity in stored manttre and, the effect of sowing different amounts d galls with the seed at Madison, Wis.,, 
September, 1921, the iope of land being in the direction of .the numerical ..pro^gression,; in diagram; that is,.' 
plats I and ,'2 were the highe^st', and plat 24 .the lowest, " 
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OVERWINT’ERING OF THE PARASITE AND THE TIME AND METHOD 

OF INFECTION 

A considerable difference of opinion exists among investigators as to the 
time of year wlien the larvae leave the galls and invade the host plants. 
Roffredi {21) and Henslow (ra), two of the earlier workers,' believed that 
this takes place in the spring only, and that the larvae spend the winter 
within the galls in the soil. Marcinowski (17) likewise maintains, from 
the results of rather extensive experiments, that most of the larvae 
remain in the galls until spring. Some of the nematodes, she admits, 
may escape from the galls and invade the plants in the fall, but most of 
these return to the soil at the approach of cold weather. However, it 
appears that she based her conclusions upon the examination of relatively 
few plants and galls. ■ 

The writer agrees with Davaine (9) that under favorable conditions of 
moisture and temperature most of the larvae leave the galls in the fall within 
a few weeks after sowing and spend the winter between the leaf sheaths 
of the host plants. These conclusions are based upon the examination 
of large numbers of diseased seedlings throughout the fall and winter. 
These seedlings were obtained from plats in which gall-infested seed had 
been sown in the fall. Most of the 30 varieties of wheat sown showed 
abundant symptoms of invasion by the nematodes shortly after sowing, 
so that, in the opinion of the writer, there can remain no doubt of the 
fact that a general invasion of the plants by the nematodes occurs in the 
fall. 

Some of the galls, however, retain their larval content ail winter, as 
was shown by the examination of a number of them which had been 
buried in the soil in October and were dug up in the following spring. 
The numbers of full and empty galls and the length of time they were in 
the ground are shown in Table XVIII. 


Tabus XVIII.— of full and empty galls found in the ground in spring, in soil 
inoculated the previous fall, Arlington Experiment Farm, XQ20 


Bate. 

Bays in 
soil. 

Number of galls. 

Sown. 

Examined. 

Exam- 

ined. 

Full. 

Partly 

empty. 

Empty. 

Oct. aS, 1919. ' 

Mar. 17,1920 

140 

22 

17 

3 

a 

Do ■ 

do 

140 i 




x 

Bo' 

, , . . .do 

lao 



a 


Oct, 20, 1919 

Mar. a5, 1920 

156 

37 

IS 

4 

18. 

Bo 

Apr. 9,1920 

in 

39 

■ 5 

7 

■ 2:7 

S^t. 26, 1919 

June a, 1920 

368 

16 

0 

0 

■ 16- 

Total.. ..... ..." 



144 

60 

18 



That more empty galls were not found in the spring was due, un- 
doubtedly, to their having disintegrated to such an extent that they ware 
no longer distinguishable. The writer repeatedly has found wheat 
seedlings containing immense numbers of larvae from lo to 15 days after 
gall-infested seed had been sown. Prom these facts we may conclude that 
the length of time it tahes for the galls to disintegrate sufficiemtly to 
liberate the larvae varies considerably, owing probably to several factors, ' 
among which are temperature, moisture, and the thickness of the gall 
walls. ' . 
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Although a relatively high temperature seems to be conducive to the 
Opening of the galls, it is not favorable for infection. High: temperature 
causes such rapid growth of the plants that before the larvae can effect a 
general invasion the most susceptible period of the plant has passed. 
Wheat plants grown in a warm greenhouse from infested seed show little 
infection, while in the cooler soil of the field, a general invasion of the 
plants usually occurs. Experiments in soil- temperature tanks indicate 
that infection occurs more readily at 12 ^ and 16° C. than at 20°, 24°, and 
28°. Prelude wheat was sown in the field at Madison, Wis., in July, 
19^1, and the soil was heavily inoculated with galls. The mean soil 
tepaperature f or the four weeks after sowing was So'^ F. (26.6^ C). The 
plants grew to maturity and produced healthy heads. However, when 
sbwn in cold soil in early spring and inoculated with galls, Prelude wheat 
„ produced practically no uninfected heads. This affords additional evi- 
^^j^ience that temperature is an important factor in infection. 

/ The nematode larvae seem unable to invade the plant before the 
coleoptile has begun to unclasp or loosen about the young stem. Hun- 
dreds of wheat seedlings from heavily infested soil were examined and 
in no case were larvae ever found while the coleoptile was still firm about 
the base of the plant. But plants with this primary sheath slightly 
loosened, frequently contained larvae in abundance. Often they were 
found just within the loosening coleoptile and occasionally at the edge 
as though they were in the act of entering. At a slightly later stage, they 
were invariably found between the leaf sheaths near the growing point. 

How long after the loosening of the coleoptile it remains possible for 
nematode larvae to invade the plant and bring about infection remains 
to be determined. Sommerville (.aj) sowed wheat in pots November 8 
and kept them in a '‘cold greenhouse'/ (he does not state at what tem- 
perature) until December 16 when he placed them in the open. On 
April 4 he added 20 “cockles" (galls) to each pot. The wheat was har- 
vested August 5 and “where the addition of ‘cockles' was delayed for 
five months after planting, infection was practically as complete as 
when ‘cockles' were sown with the seed." Marcinowski (17) claims to 
have secured infection by spra5dng a water suspension of larvae on plants 
of considerable size. 

The writer placed a suspension of active larvae at the base of plants 
6 to 8 inches tall, 16 days after sowing in a warm greenhouse, and 9 days 
later pronounced symptoms were observed. Likewise unopened galls 
placed neat the plants 12 days after sowing produced characteristic 
symptoms df nematode injury 30 days later. From these and other 
" observations, it may be tentatively assumed that the period during which 
the nematodes can invade the plant and bring about infection extends 
from the loosening of the coleoptile to the elongation of the culm, that 
is, as long as the terminal growing bud or embryonic spike is located 
near the Base of the pla^ Larval suspensions injected into th flowers 
at^ variouS'S'tages of growth 'from the time the plants were still in :'the':boot 
till they were in full flower produced no infection, 

■ LONGEVITY AND VITALITY OF THE : ORGANISM ' ,■ 

' ■ nONGEVIXY ■■■ 

Within th^e* protective galls, the' larvae may retain their' vitaEty for 
many years. According to Needham (r^), Baher in 1771 succeeded in 
re'^ving larvae', from galls that had been in . the laboratory 27, years.' 
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However, movement Baher observed may have been the mechanical 
straightening of the dead larvae due to their absorption of water. Byars ^ 
proved that larvae may live within the galls for at least eight years. He 
examined the contents of galls from various countries and secured the 
data shown in Table-XIX. 


Table? XIX. — Reactivation of larvae from galls received from various coiiniries 


Source. 

Year 

re- 

ceived. 

Date 

examined. 

' ■ Age. 

Per- 

1 centa^ge 
alivd. 

Ttidia 

1914 

1912 
1911 ^ 
1910 

1910 

Apr. II, 1918 

Y' ears. 

4 

so ~^:5 

TJ , 1 . , , 


6 

50-75 

C'Tiitis ... 



I- 2. 

Turkestan. . . . . 


8 

IO-X5 

Cliina 

Mar. 26, 1918 

- 1 

8 

0 


1 



These figures indicate that the larvae in the galls gradually die in 
the course of a few years. This grain, however, at some time or other 
may have been exposed to unfavorable conditions, such as high tempera- 
tures, and this would account for the small percentage of larvae found 
alive in the galls after eight years. Most investigators believe that they 
remain alive for a longer period. 

Outside of the protective galls the larvae may exist either in a dried 
dormant condition much as when within the galls, or in an active, free- 
living condition in moist soil or between the leaf sheaths of plants. In 
the former state they remain capable of resuscitation after a considerable 
period, if kept dry and at a low or moderate temperature. The writer 
has revived larvae from galls that had been ground four years previously 
and kept in a glass jar in the laboratory. 

DEJSICCATION 

The larvae may be killed by such extreme desiccation as obtains in an 
ordinary desiccator containing calcium chlorid and sulphuric acid. This 
is especially true of those larvae which have been in a free-living state 
for some time. The writer placed larvae from galls and from wheat 
and rye seedlings in two series of watch glasses. These were placed in 
a desiccator and at regular intervals water was added to one of ihe watch 
glasses from each series in an attempt to resuscitate the larvae. Those 
taken ftom between the leaf sheaths of seedlings showed no indication 
of reviving in water after having been in the desiccator for two weeks. 
Those taken directly from the galls, however, were revived in water 
after more than two months of desiccation. 

In an active, free-living condition the larvae can retain life for a 
considerable period. In sterile, distilled water they remained active for 
nearly five months.^ ■ In - infested soil ' and in an ectoparasitic:-- ^ 
plants larvae may live outside the galls for at least nine months. For 
instance, when' wheatis harvested- in -June many galls fail 'to- the. ground, ' 
The larvae undoubtedly escape from these within a month. » If clean 

seed, is ' sown on thisTifiested soil in vOctober plants' will be 'found ' with; 

numero-us-' larvae between the 'leaf sheaths- in the following April or May. 
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The larvae are quite transparent by this time, having used up much of 
the reserve food material in their bodies, but they are. still alive and 
active after having been in a free-living state for .9 or 10 months. It 
has been found, however, that they, do' not survive in, the soil long enough 
to infect a subsequent wheat crop after a nonsusceptible crop has occu- 
pied the land for a year. Neither will land infested at harvest time 
produce pronounced infection in spring wheat sown the following April 

now 

/ Investigators differ as to the minimum temperature that can be 
endured by the larvae. Marcinowski (17) states that larvae between 
the leaf sheaths of plants are killed at a temperature of —14° C. Davaine 
(9) claims that larvae can endure a temperature of —20°, and Penne- 
tier (20) also states that he exposed larvae to a temperature of —20^ for 
five hours or more without killing them. Neither states whether the 
larvae were within the galls or in a free-living condition. 

The writer exposed soaked galls to a temperature of —40° C. for five 
minutes. The galls were then opened in water and the larvae were 
observed to move actively within a few hours. A section of a rye- 
seedling stem containing larvae was similarly exposed to —40*^ for 
five minutes and then placed in tap water. The larvae remained straight 
and at no time during the 40 hours following did they show any indica- 
tion of life, while larvae from another section of the same stem not 
exposed to the cold continued active movement. This seems to show 
that larvae taken directly from the galls can endure cold, as well as 
desiccation, to a greater degree than larvae that have been in a free- 
living state for some time. This undoubtedly explains the difference in 
. the handings of Marcinowski (17) and those of Davaine (9) and Penne- 
tier (20). 

HIGH TEMPBRATURE 

B3^ars' ( 6 ) experiments on the effects of high temperature on the 
‘ larvae both within and outside the galls showed that in previously soaked 
galls larvae are killed by immersion in water at 50, 52, 54, and 56° C. 
for 30, 20, 10, and 5 minutes, respectively. In galls not previously 
soaked in water a longer time is required. Free larvae placed in water 
at the above temperatures succumbed in half the time required to kill 
those inside the soaked galls. It happens that the same temperature 
fatal to nematodes in the galls is effective in controlling loose smut of 
^ wheat, so that if seed wheat in the infested region is treated for the 
latter disease the nematodes, if present, also are killed. 

, A CHEMICALS 

It has been found tliat any chemical able to penetrate the thick wall of 
the gall and kill the larvae inside will also kill the embryo of seed grain. 
Therefore, any attempt to control the nematode disease by treating the 
Seed with chemical disinfectants is impracticable. Even when outside 
of the gall, the tough body wall of the nematodes makes them extremely 
p^resistant to the .'toxic action -of chemicals.,',, 

Penneti'er ' ,{^o).';'states, t^ the Tree' 'larvae can endure o,.5v per, cent' 
sulphuric acid for two hours, 25 per cent alcohol for six hours, and glyc- 
erin for one month. Byars ( 6 ) found that nearly five 'hours in for- 
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maldeliyde of i : 240 strength, or four and a half hours in mercuric chlorid 
of 1 : 1000 strength, were required to kill the free larvae. They endured: 
immersion in 0.5 per cent sulphuric acid for three hours, and 5 per^ cent 
solution of copper sulphate for six ■ and one-half hours. Within the 
protective galls, of course, the larvae can endure a much longer period 
in any of the above chemicals. 

Sommerville {23) tried various strengths of copper sulphate, sulphuric 
acid, and commercial formalin, but found that whatever affected the 
nematodes also reduced the germinating power of the seed. He con- 
cludes that seed treatment is impracticable. 

CONTROL MEASURES 

Inasmuch as seed treatment is inadvisable, and completely resistant 
varieties unknown, the control measures are limited mainly to sanitation 
and rotation, in short, clean seed sown in uninfested soil. 

CLEAN SEED 

The best way to insure having suitable clean seed is to obtain a supply 
that has been grown on uninfested land, preferably in the same or a 
near-by locality where the disease does not exist. If this is impossible, 
the gall-infested seed on hand may be cleaned by the salt-brine method 
devised by Johnson and Vaughan (14) for removing ergot from rye. 
This consists of pouring the infested grain into a 20 per cent solution of 
common salt (sodium chlorid), stirring vigorously in the meantime, and 
then skimming off the galls, which float, due to their lower specific 
gravity, while the sound wheat sinks. The grain should then be rinsed 
in fresh water and spread out to dry. It is best to sow it at once. If, 
in addition to this treatment, the grain be soaked in water at 54° C, 
for 15 minutes after a preliminary soaking in cold water for several hours, 
any galls that may not have been removed will be rendered harmless, 
and, according to Humphrey and Potter (ij), loose smut also will be 
prevented. This latter process, however, is one whicli demands great 
care, as there is danger of injuring the vitality of the seed by excessive 
temperature or too long an exposure. 

CLEAN SOIL 

In order to free soil from the wheat-nematode infestation it is necessary 
to keep susceptible crops off the land for one year. This was demon- 
strated by rotation experiments conducted on infested soil at Morrisville 
and Woodstock, Va., as shown in Table XX. 


Arrangement of rotation plats at Woodstock and Morrisville^ Va., showing 
the crops grown on each plat in each season for four years, an land badly inf ested in igif,. 
and the condition of the wheat following the different rotations 


Year. 

■ 'Hat No. 1.", 

Plat No. 2. 

Plat No, 3.. 

'1917.... . 

Wheat (infected) 

1 

1 

1 

Wheat (infected). 

V ,Do. 

''Do.';;:''' 

lOiS. . . . . 

Grass . . . . .. ..... .■■. '. . . . ,. . . . ! 


1919— .... 

Cfym . 

[ Crass. i. 

1920;;,,,:'.. 

1 

1 

1 

! Wheat (uninfected) J . 
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Soil on whicli badly diseased wheat had been grown in 1 91 7 was divided 
into three separate portions, each of which^ was given, a different 
rotation. The first part was in grass in 1918, corn in 1919, and wheat in 
1920. The second part was in wheat in 1918, grass in 1919, and wheat 
in 1920. The third part was used for wheat in all three years. In each 
case the wheat grown in 1920 on the rotated fields was entirely free from 
the disease, while that gi'own on the second plat in 1918 and on the third 
plat in all three years was badly infected, although clean seed had been 
used. Similar results have been obtained on small plats at Arlington 
Experiment Farm and on the Agricultural Experiment Station Farm at 
Madison, Wis. 

Marcinowski (17) advises the "'catch crop'' method suggested by 
Fhihn (16). This consists in growing a susceptible cereal on the infested 
soil, allowing the plants to become thoroughly infested with the nema- 
todes and then destroying the plants. This plan is both ineffective and 
impractical, because all the nematodes do not enter the seedlings and 
the cost involved is prohibitive. Inasmuch as rotation and clean seed 
offer such a simple remedy it would be manifestly unwise and unprofitable 
to attempt any uncertain method. 

RESISTANT VARIETIES 

Among the many varieties of wheat tried in experiments covering three 
years, none showed sufScient resistance to nematode infection to be of 
any value in controlling the disease. Kanred showed marked resistance, 
but, nevertheless, enough g^ls were produced to perpetuate the disease. 
A wheat variety, to be effective in nematode disease control, would have 
to be practically immune. 

SUMMARY 

The nematode disease of wheat has been reported from all continents. 
In the United States it appears to be confined to Virginia, West Virginia, 
North Carolina, South Carolina, and Georgia. 

Severe losses occur where the disease is prevalent, some fields being 
damaged as much as 50 per cent. Preliminary field data indicate that 
spring wheat is severely injured if infested seed is sown. Fortunately, 
the disease does not occur in any spring- wheat district in this country. 

The disease attacks wheat, rye, emmer, and spelt with almost equal 
virulence. Oats and barley, while capable of being parasitized to some 
- extent, are practically immune, as are also the vaiious grasses. 

In the seedling stage the disease causes wrinkling, twisting, or various 
other distortions of 0 be leaves. The emerging leaf often is held by the 
older one, thus causing a "‘buckling " of 3 ie former while still in the 
inclosing sheath. Infected plants are usually shorter and thicker than 
normal ones. Badly infested seedlings often wilt and die. 

' ' In the mature : heads ' the ' disease is, characterized by the presence of 
hard, dark galls in place of normal kernels. These galls are somewhat 
thicker than wheat kernels and cause the glumes ' to stand out as in bunt- 
infected heads. 

Several galls of varying size may be produced In one head. ' Galls :in 
^‘.rye generally .are smaller and lighter colored than those in wheat- /'" They 
also are'less conspicuous in the head and do not shatter ' Outas easily. , 
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The causal organism (Tylenchus iritici)As a minute nematode and may 
be foimd in great numbers in the larval state inside the mature galls. 
From ,2jOOo' to 20,000 or more larvae are found in one gall. They are 
slender, threadlike, round worms nearly 1,000 ji in length and 25 /x in 
width. Escaping from the disintegrating gall into the soil, they reach 
the growing point of the host plant where they remain ectoparasitically 
until the' flower parts begin to form, when they cause the formation of 
galls in place of kernels. Inside of these galls the larvae develop into 
male and female adults. Each female may produce several thousand 
eggs, which in a short time hatch into larvae. These larvae go into a 
dry, dormant state in the mature gall, and in this condition they can 
remain alive more than 10 years. They can endure extremely low tem- 
peratures and considerable desiccation, but immersion in water at 56^ C. 
for 5 minutes kills them. They are resistant to chemicals, so that the 
latter are ineffective in seed treatment in concentrations that will not 
injure the seed. Although not so resistant to unfavorable conditions 
when outside of the protective galls, nevertheless in a dried dormant 
condition they are able to remain alive for several years. Larvae that 
' have been in the free-living state for some time, in the soil or between 
the leaf sheaths of plants, succumb more readily to unfavorable condi- 
tions than those remaining in a dried dormant condition. 

The disease is* most commonly spread by means of infested seed and 
straw. It may be carried from one farm to another by the threshing 
machine. Screenings from infested wheat may also carry the disease 
to a new area. Other possible agencies of dissemination are farm imple- 
ments, the feet of animals moving from infested to clean soil, barnyard 
manure from infested straw, and running surface water. Birds are of 
minor importance as agencies of distribution. 

Through their own efforts, the larvae were unable to effect a general 
invasion of the wheat at a distance of more than 4 inches (10 cm.) laterally 
although a few reached plants 12 inches (30 cm.) distant. Vertically, 
they moved from 12 inches below the seed and produced infection. 

The organisms invade the plant after the loosening of the coleoptile, 
and presumably invasion may continue until elongation of the culm 
occurs. 

The organisms may overwinter within the protective galls or in a free- 
living state in the soil or between the leaf sheaths of the host plants. 

The disease is easily controlled by the use of clean seed sown on clean 
soil. Susceptible cereals should be kept off infested ffelds for at least 
one year, as this will starve the nematodes in the soil. 
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PI.ATE I 


A. — ^Head of nematode-infected Nebraska Hybrid wheat. The badly distorted flag 

leaf is interfering wi th the natural emergence of the head from the boot . 

B. — Galls on the stem of Black Winter emraer. 

C. — Gall on the leaf of Black Winter emmer. 

D. — ^I^af markings, an early symptom of the nematode disease. Some of these show 

slight discoloration, giving a mottled appearance to the leaf. The split leaf 
shows a more advanced stage of this symptom. 

E. -“Preltide spring wheat affected by the nematode disease due to sowing gall-infested 

■ seed. ; 

F. — Healthy Prelude spring wheat grown from iminfested seed sown at the same time. 

( 956 ) 







Journal of Agricultural Research 


Washington, D. C. 




-phAtn 2 


A. — Wrinkling and curling of the leaf edges toward the midrib in a nematode-infected 

wheat plant- This is a typical case of the emerging leaf being held by the curling 
of the older leaf enclosing it. 

B. — Twisting of the leaves of a wheat plant dne to the nematode disease. The slight 

natural clockwise twist of the leaf is often severely aggravated in infected plants. 
G. — pronounced case of bending of the culm of a nematode-infected wheat plant, 
due to successively emerging leaves being held by the older leaves as shown 
in A. The lower leaves have been removed in order to disclose the crooked stem. 
D and E.— -Badly distorted seedlings of Red Rustproof oats found on dissection to be 
infested with vast numbers of nematodes about the growing points. 

F,— One of a large number of wheat plants found near Ocean View, Calif. , in 1920, and 
showing symptoms similar to those caused by nematodes but which are due to 
* climatic or other environmental conditions. 

85607 — 24 — - — 5 



PIRATE 3 

A. — Seedling of Hansee Hull-less barley iirfested with nematodes as shown later by 

dissection tinder the microscope. Note slight wrinkling of the leaf and bulging 
of leaf sheaths at base of plant. The symptoms are not so pronounced as those 
of infested wheat seedlings. 

B. — ^Heads of Hansee Hull-less barley infected with nematodes. These heads con- 

tained characteristic nematode galls and also a few kernels. 

C. — ^Head of Genesee Giant wheat uninfected. * 

D. — ^Heads of Genesee Giant wheat infected with the nematode disease. Note the 

spreading glumes, the distorted awns, and the dark galls in place of kernels. 

B. — ^Head of Von Riimker rye uninfected. 

F. — ^Head of Von Riimker rye infected with the nematode disease. Note the greater 
prominence of galls near the ba^ of the spike. 



Nematode Disease Caused by Tylenchus tritici 


3 










PI<ATB 4 


A. — Wheat infested with the nematode disease. When this wheat was sown, nematode 

galls were sown with the seed. Note the severe sttmting of the plants and the 
wrinkling of the leaves. 

B. — Barley growing in a row adjacent to the badly diseased wheat and similarly 

inoculated but apparently not affected by the nematodes. 



PI.ATB 5 

Comparison of pematode galls from rye with nornial kernels of wheat 

and rye and with impurities commimly fotmd in grain; 

ttaiformity in the size and form of the galls from wheat and the variation in the size 
and form of the galls from rye. 

A. — Cockle seed. ^ 

B. — ^\’etch seed. 

C. — Bin-burnt wheat kernels. 

D. -— Bunthalis."'' 

B.— Ergot sclerotia from wheat. 

^';''';,y':B.----Brgot.sclerotiairomrye.::' 

■■G."—G,32lS',from' wheat, 

■■H.--~M3alls from, rye. 

^ I .“--M^eat : kernels. '■ 

.;J.-“Bye 'kernels.' 
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CORN ROOTROT STUDIES ‘ 

By Thomas F. Manns, Plant Pathologist and Soil B'o^teriologist, ' &.nd ■ChAxj'D’B}-' 'B- 
FhieI/IPS, Delaware Agricultural Experiment Station ^ 

During the past Jew years a great .'deal of study has been devoted to 
the Gom rootrot disease. Most of the investigators 'agree more or less 
on the symptoms manifested by it, but there seem to be differences of 
opinion as to the relative importance of the organisms causing it. The 
report which follows presents the results of investigations made to 
determine the importance of the various causal organisms. Time limi- 
tations made it necessary to conduct all of the infection work under 
laboratory and greenhouse conditions. 

HISTORICAL REVIEW. 

A review of the literature covers investigations pertaining to corn 
rootrot in so far as the writers have been able to secure them. In this 
review special mention is made only of results which bear directly on 
the importance of the causal organisms. * 

Saccardo (jj, p, 14)^ reported Oospora veriicilloides m Zem 
in 1S86. It is now quite certain that this fungus is identical with Sheldon ■$ 
{13) Fusarium moniliforme, Burrill and Barrett (a) in 1909, investi- 
gating the earrots of com, reported that — 

the active agents of destruction are several species of parasitic fungi, among which 
one does by fax the most damage, probably 90 per cent of the whole amount. This 
is known botanically as Diplodia zeae Lev. * * * At least three other 

species of fungi all belonging to the genus Fusarium attack, with somewhat similar 
results, the developing ears of com. - . , , 

Heald, Wilcox and Pool (7) in 1909 stated that — 

Diplodia zeae produces in the ear a condition which may be called '*dry rot,^* though 
probably the majority of com growers refer to such ears as molded. 

Stevens and Hall (15) in 1909 also reported that they found Diplodia 
zeae in North Carolina where the disease is known as mold, '' mildew/* 
“rot/* and “souring.** Arzberger (j) in 1913, working upon cobrot of 
com, stated that — ► 

Coniosporium has an economic simificance in that it destroys the cob tissue as a 
saproph3rte; its effect on the kernels is rather limited when compared with the injury 
of Diplodia, Fusarium and other fungi, 

Hoffer and Holbert {8) in 1918, found that — 

the same organism which causes scab of wheat also causes rot of the stalks, eats and 
ear-shanks of com plants. 

VaUeau (ry) in 1920, reported that — 

Fusarium moniliforme is an active parasite and is capable of causing root and stalk 
rots of com under laboratory and field conditions. Inoculation experiments with 


^ Recd^ved for piiblicatjba Nov. arij, 1923. 

^ The ximl&r i:«rt of this investigrsten was made by the junior author in preparation for a minor thesis in 
graduate work in plant jjathology at the Umversrty of Ddaware. 

* Reference is made by number (italic) to ‘‘I^iterature cited/ Vp, S>d4. 
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corn seedlings are of little value until a method can be devised of ridding the seed of 
contamination of organistns or until a source is discovered from which disease-free 
seed may be obtained. Gibberella sp. may or , may not be present with root and 
stalk rots. Fusarium moniliforme appears to be the more active parasite when it. and 
Gibberella are associated on rotting stalks of com. Because of the high degree of 
infection with F, monilijotme over much of the com belt, it will probably prove to be^ 
the most common cause of root and stalk rots of com. ' '* . 

In 1921 he (j^*) reported that — ■ . 

disease-free, seed probably does not exist under averse field conditions. 

Manns and Adams (9) in June, 1921, in a popular bulletin, reported 
four parasitic fungi as very common in seed corn. These are C&phalo-^ 
spormm saccharic Gibberella saubinetiif Fusarium moniliforme and .Dip-' 
hdia zeae. They stated that — 

in this State (Delaware) com is internally infected with four different parasitic fungi, 
to the extent of 39.54, 5.95, 19.92, and 5.69 per cent, respectively, for each of the 
diseases. ' 

W. A. Taylor (16, p. 33-35) ^ Chief of the Bureau of Plant Industry, 
United States Department of Agriculture, speaking in 1921 of the rots 
of qom, reported that — 

the chief fungus parasites are Gibberella saubineUi (the wheat scab fungus), different 
species of Fusarium, especially Fmarium moniliformej and Dipiodia zeae. 

Manns and Adams (10) in 1923 stated that— 

a fungus unlike any previously reported in this country as far as we could determine 
was found very prevalent internal of seed com. This fungus morphologically agrees 
with the description of Cephalospotium sacchari Butler, as reported by Butler and 
lOian (4) on sugar cane in India. Butler {3, p. 402-404) also found this fungus on 
sugar canes shipped from the United States to India. In view of these facts and 
because of the close relationship between the two hosts, it seems better to refer our 
fungus tentatively to this form than to create confusion by describing a new species. 
Further studies are in progress to determine the status of our fungus. The following 
four parasites were consistently found in our studies: Cephalosporium sacchari Butler; 
Fmarium moniliforme Sheldon; Gibberella saubineUi {yiont,) Sacc. and Dipiodia zeae 
(Schw.) Lev. The parasitism of these fungi has been determined by inoculations. 
So far as we have been able to determine the fungus here referred to zts Cephalospotium 
sacchari is reported for the first time as a parasite of com. Fusarium moniliforme is 
considered identical with Oospora mrticilloides described on com in Italy by Saccardo, 

Duddleston and Hofer (6) in 1921, reported that — 

in a test of over 14,500 ears at Shelb3rville, Ind., in 1920, 27 per cent showed serious 
infections of Fusarium sp. and Dipiodia. 

Sherbakoff (14) in his investigations found that in Tennessee, as in 
other States, the most common Fusarium of com is Fmaritm mofdliforme 
Sheldon. Clayton (5) in 1922, reported that — 

work done in Ohio during the winter of 1920 and 1921 showed that the fungus Dipiodia 
eeae was very prevalent in seed com. 

Dr. J. F. Adams in an unpublished departmental report for 1921 
(Delaware) on inoculation experiments on com 4 feet high to the tassel- 
ing stage, with Gibberella saubineUi, Dipiodia zeae, Fusarium moniliforme 
and the fungus tentatively referred to 3S Cephabsporium sacchari, notes 
the following: 

The weakest lesions reciting from the field inoculations were found in the results 
of C. sacchari and F, particularly on the younger com. The most con- 

^icuous lesions on the stalks were found with G. saubineUi and D, zeae, Intemodal 
inoculations produced the most extensive lerions. 

The literature . , as ' here ■ reviewed, shows that investigators have "deter* 
mined upon four different organisms as the principal ones associated 
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with com rot diseases. These orgamsms are Fusarium moniliforme 
Sheldon; Gibber ella saubinetii (Mont.) Sacc. ; Diplodia zeae (Schw.) Lev.j 
and, Cephalospofium sacchari Butler. It is' known' that several of these ' 
. organisms inhibit germination and appear to be . active factors in the 
production of stalk and ear rots. Their importance as factors in causing 
rootrot, however, is still in dispute. It is even questioned whether soil 
reaction is not the real factor predisposing com to the attacks of these 
so-called seedling and rootrot diseases. 

EXPERIMENTAL methods 

The value of an experiment such as the one herein reported depends to 
a great extent upon the care with which it is conducted and therefore the 
methods used will be described. 

The nature of the infection carried in seed com showing no external 
symptoms of disease was determined by germination. A representative 
sample was selected from each ear of com, and the fungi carried internally 
were determined by the method described by Manns and Adams (10) as 
follows : 

Fifteen or more kernels are disinfected in a test tube 150 by 20 mm. for one minute 
in a solution of 50 per cent alcohol containing i gm. of bichlorid of mercury in each 
liter. This solution is known as a i to 1,000 HgCl2 in 50 per cent alcohol. Following 
this treatment the kernels are washed in tlie same tube with two successive washings 
with 20 cc. each of sterile water, and immediately 10 kernels are removed aseptically 
with sterile forceps and placed with the germ side down on 20 cc. of nutrient dextrose 
agar in a sterile culture dish. Further, 5 of the remaining kernels are each placed in a 
sterile culture dish, and with a sterile scalpel the point of the kernel, which is the 
portion that contains most of the intemal infection, is cut off Vs't® Vs mch from the end; 
then mth a strong sterile forcep each point is placed in the mouth of a heavy- walled ' 
tube (it requires a strong tube and strong forceps, as crushing is not ea^) 150 by 20 
mm., containing 10 cc. of [liquefied] sterile nutrient dextrose agar medium at 43° C.; 
the point is tlioroughly crushed and shaken down into the medium, then well mixed 
and poured into the sterile culture dish containing the remaining part of the kernel. 

This method was used extensively by the senior author in his studies 
of flax diseases in 1904'^ and on wheat diseases in 1909 (12), 

The following method of plating soil was used; One gm. of air-dry soil 
was placed in 100 cc. of sterile water. Ten cc. of this solution were by 
means of a sterile pipette placed in 90 cc. of water, making approximately 
a I to 1 ,000 solution. Ten cc. of the i to 1,000 solution were placed in 
another 90 cc. of sterile water, making approximately a i to 10,000 solu- 
tion. One cc. of each solution was put in a test tube containing 12 cc. of 
weak nutrient glucose agar, mixed thoroughly, and poured into a sterile 
Petri dish, The plates were read 7 to 10 days later. To insure a fair 
degree of accuracy, six plates of both the i to 1,000 solution and the i to 
10,000 solution were made and the average taken when read- 

The method employed in growing the com under sterile conditions has, 
so far as could be learned, never been previously reported. The jars used 
in this work were the ordinary one-quart Mason jars, although two-quart 
Jars would have permitted better growth. Each jar was filled with a rich 
garden soil and sterilized from four to six hours at 7 to 10 pounds pressure 
in a steam autoclave. Plate cultures were run on several of the jars and 
they were found to be free of all organisms. The soil used was a rich 
compost such as was being used in the greenhouse by the horticultural 
department for potting. To get- disease-free seed -the ' surface-sterilized - 

F.' , FUNOi thKX SICK SOIL AND -FLAX. s®BD. Unpublished man'uscript , (Master’s 

thesis) filed ha Bepartinmt of Botany, College of Agriculture, Fargo, N. Dak, 
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com was first germinated in Petri dishes (PL i) on a weak nutrient 
glucose agar. Only, seedlings found to be free from infection at the end 
of a five to six day period were used. It was discovered that disease-free 
seed was very difficult to secure, but in these investigations some corn 
seed samples were found which after surface treatment were practically 
100 per cent disease free. The seedlings were transferred from the plates 
to the jars with sterile forceps. During this transfer some of the soil in 
the jars was exposed to the^ air in the laboratory, but all .possible pre- 
cautions were taken to prevent infection. The table on which the work 
was done, the hands, and all dishes and instruments used were swabbed 
with a I to 1,000 HgClg in 50 per cent alcohol solution. At the time of 
planting, the soil in the jars was inoculated with the various organisms. 
This inoculation was obtained from pure cultures of these organisms 
grown on \¥eak nutrient glucose agar. A sufficient quantity of the culture 
was added to the jars to insure a thorough inoculation. All experiments 
were run in duplicate. After the com was planted the tops of the jars 
were covered with sterile cotton. It was necessary to exercise care when 
the plants were coming through to see that the cotton cover did not inter- 
fere with their growth. The jars were kept properly supplied with 
water; the optimum moisture condition was met by supplying 30 per 
cent moisture at the time of planting and keeping this replenished every 
other day. 

STUDIES WITH ROOTROT SICK SOIL 

Preliminary studies were made on two soils taken from adjacent 
fields on a near-by farm. Previous to the growing of the com crop in 
-1921, both fields had been part of a peach orchard for 12 years. Field 
No. I produced much rootrot and fallen com in 1921, while field No. 2 
produced a good com crop. It is not known by the writers what fertilizer 
or cultural treatments the fields had had during the 12-year period pre- 
vious to the experiment, but is is not thought likely that a very high de- 
gree of fertility was maintained. Field No. i was the lower of tlie two 
fields, and was poorly drained. The soil was a fine sandy loam, light 
brown in color. Large areas of nut grass (probably Cy perns rotundus) 
were growing in this field. Field No. 2 was somewhat higher than No, 1 
and was better drained. The soil was a fine sandy loam, very dark in 
color. These soils were plated and examined for pathogenic fungi; at- 
tention was given only to the four organisms, namely, Fnsarium monili^ 
forme, Gibber ella sauhineiii, Diplodiazeae and the so-called Cephalosporinm 
sacchari. The soil from field No. i was found to be apparently free from 
the above organisms, while field No. 2 showed an average of 300 colonies 
of F. moniliforme per gram. The other organisms did not show in the 
cultures. Total nitrogen and total organic matter determinations were 
run on each of these soils. The results were as follows: 

Nitr^en:" Per cmt 

Field No. 1,. ' 0.040' 

■ FieldNo. 2.'..' ':,.04d 

. Organic 'matter.* ■■■ 

Field No. i . . . 2.60 ■■ ■ 

,, FieldNo. 2. ' 

The spii w^ brought laboratory from each of these two fields. 

The soil from field No. i (the nonresponsive sick field) was put into two 
3-gallon pots labeled lA and iB. The soil from field No. 2 'Q'as put into 
similar pots and labeled 2 A and 2B. Pot received a treatment of 7^ 
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gm.. of calcium ' oxid in 15,000 gm. of : soil; this is equivalent ' to 1,000 
pounds of lime for a 2,OGO,ooo-pound acre (about a 6-incli acre) ; pot' iB 
received the Equivalent of. a treatment of "400 ■ pounds of 2-8-6 fer- 
tilizer per, acre, that is,, i . gm. sodium nitrate, 3 gm. 14 per cent acid 
phosphate and i gm. potassium chlorid in 15,000 gm. of soil; pot 2 A 
received the equivalent of 500 pounds of lime per acre, that is, 3.75 gm. 
calcium oxid in 15,000 gm.^ of soil, and pot 2B received a treatment 
similar to pot iB. 

Com which was apparently free from infection and which had been 
surface-sterilized according to the method previously given (p. 959), was 
planted, 15 kernels in each pot. The pots were planted on December 22, 
1921; and on January 14, 1922, all plants except four in each pot were 
taken out. Several of the plants removed showed external evidences of 
infection and crushed cultures were made of the hypocotyl and lower 
part of the stem of each plant. No differences in the fungus floral content 
in any of the pots could be noticed. The plates showed large numbers of 
Bacillus mdicola, several colonies of a Fusarium sp., a few colonies of 
F, moniliforme and one colony of Cephalosporium sacchari. On February 8, 
two plants were removed from each pot, examined and photographed. 
The examination showed that in pot lA the hypocotyls were healthy. 
In pot iB the hypocotyl of one plant was healthy and the other showed 
a pronounced lesion. In pot 2 A the hypocotyl of one plant was dead and 
the other showed pronounced lesions. In pot 2B the hypocotyls were 
healthy. The work was discontinued here. The results obtained in the 
laboratory and greenhouse were exactly the reverse of the conditions 
found in the field, a fact which would seem to indicate that the ‘'sick'* 
condition of Field No. i was not due to the presence of pathogenic organ*^ 
isms in the soil. Just what the sick condition was caused by is still an 
open question. It might be the result of poor drainage or of some other 
purely physical condition. 

INFECTION EXPERIMENTS WITH CORN ORGANISMS 

The major part of these studies was concerned with trying to deter- 
mine the effect of four different fungi upon corn, namely, 
moniliforme, Sheldon; Gibberella saubineiii (Mont,) Sncc.; Diplodia 
zeas (Schw.) L6v.; and the fungus tentatively referred to by Manns 
and Adams (lo) as Cephalosporium sacchari Butler. As has been pre- 
viously stated, these are the fungi most commonly associated with com 
ear, stalk, and root rots. 

In order to reduce the probability of error the work was triplicated. 
The jars were handled according to the method previously desaibed. 
The first series contained ten jars. Jars No. i and No. 2 were inoculated 
with Diplodia zeae; 3 and 4 with roccfean; 5 and 6 with 

the organism tentatively ref erred to as Cephalosporium sacchari and with 
Fusarium moniliforme; 7 and 8 with all four of the fungi under consid- 
eration, and 9 and 10 were, held as controls; that is, were not ihoeulated. 
These Jars were planted on February 28 and were examineti on March 17. 
The results on the latter date were as follows : 

jar No. I.— Inoculated with Diplodia 2^0^. One plant dead and 
another almost dead. Some Trichoderma koningii found. Both plants 
contained large quantities of Fusarium moniliforme spores in the stems. 

Jar No; 2.-a‘-Same as Jar ■ i except 'that "no F, '''moniliforme spores were '■ 
found on the stems. Some, however, appeared on the roots. 
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Jar No. 3. — ^Inoculated witli Cephalosporium sacchari. One plant dead 
and one equal to' those in' the control jars. 

Jar No. 4.— One plant dead and one equal to the control plants. Both 
living plants looked fairly healthy. (One of these plants grew until about 
April 17 and the other grew practically to maturity and produced a small 
ear and a tassel about the last of May.) 

Jar No. 5. — Inoculated with Cephalosporium sacchari and Fusarium 
momliforme. Both plants dead. A considerable quantity of Tricho- 
derma koningii was found on top and around the sides of the jar. The 
stems of the plants when examined showed F. moniliforme; there was 
fairly good root growth.' ' 

Jar No. 6. — ^Both plants were dead. The stem when examined-* showed 
Fusarium moniliforme. F. moniliforme was also found fruiting around 
the edge of the jar. There was good root growth. 

Jar No. 7. — Inoculated with Gibber ella sauhineti% Diplodia zeae, Fiua- 
fium moniliforme, and Cephalosporium sacchari. Both plants were dead. 

Jar No. 8. — (Duplicate of jar No. 7.) One plant was dead and the other 
was almost dead. A large number of Fusarium moniliforme spores was 
found on the stem and throughout the jar. The plants in both jars had 
good root growths. 

Jars No. 9 and 10, controls.— The plants in both jars were healthy and 
apparently doing well. (The plants in one of the jars grew until May 2, 
when it was removed to make room for another jar; the plants in the other 
jar were in a healthy condition until June 8, at which time the work was 
discontinued.) 

In the second series of experiments eight jars were used. Two were 
inoculated with Diplodia two with Fusarium moniliforme, two with 
Gihberella saubinein, and two were held as controls. This series was 
planted March 28 and the first notes were taken on April ii. At that 
time one plant was dead in each of the G. saubineiii jars and one was dead 
in one of the F. moniliforme jars. The plants in all other jars were growing 
well and showed no noticeable difference from the control. On April 25 
the jars were again examined. The controls were growing splendidly. 
The F, moniliforme jars showed much improvement and no further effects 
of the inoculation were visible. The D. zeae jars showed the effects of the 
inoculation. The plants were a little smaller than the controls and had 
begun to wilt. (See PL 2, A, B, and C.) 

The third and last series of inoculations was begun on May 5. There 
were twelve plantings in this series. Two jars were inoculated with 
Diplodia zeae; two with Fusarium moniliforme; two with Gibberella saubin- 
etii; two with the so-called Cephalosporium sacchariixom the United States 
(the fungus found by Manns and Adams (jo) so plentifully in seed corn 
and tentatively referred by them to C. sacchari); and two with Cephalo- 
sporium sacchari Butler from India. The cultures of C. sacchari used in 
the two last-mentioned jars were isolated by Dr. F. J. F. Shaw, Pusa, 
India, and forwarded to the senior author by Dr. E- J. Butler of the 
Imperial Bureau of Mycology, KewjGardens, England. This culture 
when examined was found to be a Ftisarium. Doctor Butler forwarded a 
second culture from Doctor Shaw, which when examined was also 
found to be a Fusarium. 

Two of the plantings were used as controls. (See PL 2, D, E, F, and 
PL 3, C, D, taken May 16; PL 3, A, B, and PL 4, A, B, D, taken May 30. ) 
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The results obtained from this work would indicate that certain of these 
fungi have a more pronounced pathological effect on the young plant than 
do others ; especially when infection comes, by way of the soil rather than 
through the seed. Fusarium moniliforme produced but little effect on the 
growth of the plants; even after the third week very little difference could 
be noticed between the inoculations and the controls (PL 2, A,, D, and PL 

3. A). ■■ 

produced a distinct pathological effect on the 
seedling plants. It is quite evident from this study that this fungus must 
be one of the active factors in producing a poor stand (PL 2, BjE^and 
PL 3, B). Those plants which survived the seedling stage recovered 
somewhat and continued their growth, although considerably stunted. 
In this series the principal effect of Diphdia zeae was apparently a retard- 
ing of the seedlings in the early stages of growth. The inoculated plants 
when not killed were much smaller than the controls (PL 2, C, F, and PL 

4, A). 

The organism referred to as Cephalosporium sacckari by Manns and 
Adams (id) gave no indication whatever of injuring the plants (PL 3, 
and PL 4, B). In all of the inoculations with this organism the plants 
were equal in growth and appearance to the controls. 

The culture which Doctor Butler forwarded from Doctor Shaw of India 
as Cephalosporium sacchari Butler, was somewhat active as a com parasite 
in the inoculations; it behaved somewhat like Gibherella sauhinetii in 
destroying seedlings and retarding growth (PL 3, D, and PL 4, C) . 

SUMMARY 

(1) Cultures of the fungous flora of soil from a field showing much 
rootrot failed to give any of the so-called rootrot organisms. laboratory 
studies on this particular soil gave better response with com than soil 
from the adjacent field which in 1921 showed no rootrot. These studies 
indicate that com rootrot on the field which gave poor results in 1921 was 
induced by factors other than the so-called rooixot fungi. Probably a 
combination of poor drainage and lack of fertility were the chief factors. 

(2) In these investigations it has been possible by careful selection and 
surface disinfection to obtain seed corn sufficiently free internally from 
disease for experimental work. 

(3) Gibherella sauhinetii proved to be the most active seedling parasite 
of com and may be an important factor in reducing stands. 

(4) In these investigations Fusarium moniliforme appeared less active 
^ Zi seedling porasite idiSLU Gibherella sauhinetii 

(5) Diplodia zeae is quite active in retarding the growth of the young 
plants. Inoculated plants were much inferior to the controls. 

(6) The organism so abundant in corn and referred to as Cephaio- 
sporium sacchari Butler by Manns and Adams (10) showed no patho- 
genicity whatever in this study . 

(7) The organism sent by Doctor Shaw from India zls Cephalosporium 
sacchari Butler, which in the writers' hands proved to be a Fusarium, was 
somewhat active as a seedling parasite of com, when used in infection 
work. '■ 

(8) 0)m plants, properly cared for, may be grown 
almost to' 'maturity in one-quart Mason jars. They will not readi 'the 
size of planta in' the 'field, but. will remain vigorous and green (PL 4, D). 
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PUITB I 

A.-— Bisease-free seed cora gertoiiiated oai atitdent glucose agar in Petri dishes. 
The kernels were sarf ace-sterilized with alcoholic bichlorid of mercury for one minute. 
(Seep. 559.) 

B and C.— Internally infected seed com germinated on nutrient glucose agar in a 
Petri dish. The kernels were surface-sterilized with alcoholic bichlorid of mercury 
one minute. (See p. 959.) 
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PLATE 2 


^ A. — Fotir jars in tlie second series. Com plants 23 days old. The two jars on the 
right were inoculated with Fusarium moniltforme, the two on the left were controls. 
There was very little difference in favor of the controls. 

;B. — ^Four jars in the second series. Cora plants 23 days old. The two jars on the 
right were inoculated with Gibherella mubinetii, the two on the left Were controls. 
Some strains of G. saubinetii appear to be very active factors in destroying seedlings 
and inhibiting growth. 

C. — Four jars in the second series. Cora plants 28 days old. The two jars on the 
right were inoculated with Diplodia zeae^ the two on the left were controls. D. zeae 
is apparently an active factor in destroying seedlings and in inhibiting their growth. 

D. — ^Three jars in the third series. Cora plants ir days old. The two jars on the 
right were inoculated wdth Fusarium moniliformey the one on the left was a control. 
The results indicate F. moniliforme to be sonrewhat active. 

E. -— Three jars in the third series. Com plants ii days old. The two jars on the 
right were inoculated with Gibherella saubi 7 ieUi, the one on the left was a control. 

F. — Three jars in the third series. Com plants ii days old. The two jars on the 
right were inoculated with Diplodia zeae^ the one on the left was a control. In this 
series the seedlings were not killed, but the growth was greatly inhibited. 



PLATE 3 

A. — The same Jars as those illttstrated in Plate 2, D. The corn plants were 27 days 
old. The growth of the plants appeared to be inhibited to a slight extent by 
Fusarium moniliforme. 

B. ^ — The same jars as those illustrated in* Plate 2, E. Tlie com plants were 27 days 
old. Only one plant was alive in the jars inoculated with Cihherdla saubimtii and 
it made very slow »owth. G, saubinetii appeared to be the most active of*the several 
pathogenes with which experiments were made. 

C. ' — Three jars in the third series. Com plants ii days old. The two jars on tire 
right were inoculated with the fungus so prevalent in seed com in the United States 
and which was tentatively referred to tihe species Cephalosporium sacchari Butler 
by Manns and Adams; the one on the left was a control. C. sacchari in these experi- 
ments apparently had no effect on the seedling plants, since no difference is noticeable 
between those inoculated and the control. 

D. — Three jars in the third series. Ccwm plants ii days old. The two jars on the 
right were inoculated with Cephalosporium sacchari Butler, the organism forwarded 
by Dr. Butler from Dr. Shaw, Fusa, India, to the senior author; the one on the left 
was a control. This organism, which proved to be a Fusarium in the hands of the 
writers, apparently has an inhibiting effect on the growth of com seedlings and may 
destroy them. 
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PI.ATK 4 


A. - — ^Tlie same jars as those illtistrated in Plate 2, F. The com plants were 27 days 
old. Mm 2eae appeared to cause a marked inhibition of growth. 

B. — The same jars as those illustrated in Plate 3, C. The com plants were 27 days 
old. The fungus referred by Manns and Adams to the species Cephalosporium sacchari 
Butler has caused no^ noticeable ill effects except in one plant which appeared to be 
somewhat weakened in growth. 

C. — ^The same jars as those illustrated in Plate 3, D, showing the work of Cephalo- 
spmium sacchari Butler, cultures of the fungus direct from India. The com plants 
were 27 days old. The plants in one jar have died. The plants in the inoculated 
jar at the right have almost recovered from the setback received in the seedling stage. 

B. — ^This photograph was taken when the com plants w;ere about 62 days old. 
They were growing well and had a good color. This shows that with proper handling 
com plants may be grown to a considerable size in jars as small as a Mason quart jar. 

The plants on the right were inoculated with the fungus referred to tentatively as 
Cephawsporium sacchari. The plants in tlie jar at the lefJ were controls and received 
no inoculation. 
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